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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

NAOYA HASEGAWA 
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Filing Date: HEREWITH 

For: SPIN-VALVE 
MAGNETORESISTIVE SENSOR AND 
METHOD OF MANUFACTURING THE 
SAME 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to Examination of the above-identified application, please amend the 
application as follows: 

In the Specification 

On page 23, line 9, delete "lease" and substitute -least- in its place. 

On page 43, line 14, delete "15ab" and substitute -151b- in its place. 

On page 47, line 1 1 , delete the first occurrence of "2" and substitute -3- in its 

place. 

On page 98, line 1 1 , delete "electrode layers 28, 28". 
On page 106, line 2, delete "22" and substitute -52- in its place. 
On page 121, line 25, delete "22" and substitute -52- in its place. 
On page 126, line 6, delete "350" and substitute -352- in its place. 
On page 126, line 6, delete "havs" and substitute -has- in its place. 
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Group Art Unit No.: 



In the Claims 

1 . (AMENDED) A spin-valve type magnetoresistive sensor comprising, 
on a substrate, an antiferromagnetic layer; a pinned magnetic layer formed in 
contact with said antiferromagnetic layer and having a magnetization direction 
made stationary under an exchange anisotropic magnetic field generated by 
interaction with said antiferromagnetic layer; a non-magnetic electrically 
conductive layer formed between a free magnetic layer and said pinned magnetic 
layer; soft magnetic layers arranged on said free magnetic layer [while] having a 
spacing corresponding to a track width [is left] between said soft magnetic layers; 
bias layers formed on said soft magnetic layers and [acting] to uniformly arrange 
a magnetization direction of said free magnetic layer in a direction crossing the 
magnetization direction of said pinned magnetic layer; and electrically conductive 
layers [for applying] to apply a detection electric current to said free magnetic 
layer, 

said antiferromagnetic layer and said bias layer [being] each [made of] 
comprising an alloy containing at least one [or more elements] element selected 
from among Pt, Pd, Rh, Ru, Ir, Os, Au, Ag, Cr, Ni, Ne, Ar, Xe and Kr, as well as 
Mn. 

2. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein at [lease] least one of said pinned magnetic layer and said free 
magnetic layer is divided into two layers with a non-magnetic intermediate layer 
interposed between the two layers, and the divided two layers are held in a 
ferrimagnetic state [where these] in which the divided two layers are magnetized 
in directions 180°_differentfrom each other. 

3. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said antiferromagnetic layer [is made of] comprises an alloy 
having the following composition formula; 

X m Mnioo-m 



2 



where X is at least one [or more elements] element selected from among 
Pt, Pd, Rh, Ru, Ir and Os, and a composition ratio m satisfies 48 atom % < m < 
60 atom %. 

4. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said bias layer [is made of] comprises an alloy having the 
following composition formula; 

X m Mn 100 -m 

where X is at least one [or more elements] element selected from among 
Pt, Pd, Rh, Ru, Ir and Os, and a composition ratio m satisfies 48 atom % < m < 
60 atom %. 

5. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said antiferromagnetic layer [is made of] comprises an alloy 
having the following composition formula; 

Pt m Mn 10 0-m-nD n 

where D is at least one [or more elements] element selected from among 
Pd, Rh, Ru, Ir and Os, and composition ratios m, n satisfy 48 atom % < m + n < 
60 atom % and 0.2 atom % < n < 40 atom %. 

6. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1, wherein said bias layer [is made of] comprises an alloy having the 
following composition formula; 

Pt m Mni 00 - m -nDn 

where D is at least one [or more elements] element selected from among 
Pd, Rh, Ru, Ir and Os, and composition ratios m, n satisfy 52 atom % < m + n < 
60 atom % and 0.2 atom % < n < 40 atom %. 

7. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said soft magnetic layer [is made of] comprises a NiFe alloy. 
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8. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein recesses are formed in said free magnetic layer on both sides 
of an area corresponding to [a] the track width, said soft magnetic layers are 
formed to fill said recesses and are directly joined to said free magnetic layer 
through bottom surfaces of said recesses, and said bias layers and said 
electrically conductive layers are successively formed on said soft magnetic 
layers. 

9. (AMENDED) A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said free magnetic layer is divided into [two layers with] a first 
free magnetic layer disposed farther away from the pinned magnetic layer and a 
second free magnetic layer disposed closer to the pinned magnetic layer, a non- 
magnetic intermediate layer isjnterposed between the [two layers, and wherein, 
assuming that one free magnetic layer farther away from said pinned magnetic 
layer is a first free magnetic layer and the other free magnetic layer closer to said 
pinned magnetic layer is a second free magnetic layer,] first free magnetic layer 
and the second free magnetic layer , a magnetic film thickness of said first free 
magnetic layer is smaller than a magnetic film thickness of said second free 
magnetic layer. 

1 0. (AMENDED) A method of manufacturing a spin-valve type 
magnetoresistive sensor comprising [the steps of]: 

forming an antiferromagnetic layer, a pinned magnetic layer, a non- 
magnetic electrically conductive layer, and a free magnetic layer successively on 
a substrate, thereby forming a first laminate; 

heat-treating said first laminate at a first heat treatment temperature while 
applying a first magnetic field in a direction perpendicular to a direction of a track 
width, thereby generating an exchange anisotropic magnetic field in said 
antiferromagnetic layer to make magnetization of said pinned magnetic layer 
stationary; 
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forming soft magnetic layers on said first laminate while a spacing 
corresponding to the track width is left between said soft magnetic layers, forming 
bias layers on said soft magnetic layers, and forming electrically conductive 
layers on said bias layers [for applying] to apply a detection electric current to 
said free magnetic layer, thereby forming a second laminate; and 

heat-treating said second laminate at a second heat treatment temperature 
while applying a second magnetic field smaller than the exchange anisotropic 
magnetic field of said antiferromagnetic layer in [a] the direction of the track 
width, thereby imparting a bias magnetic field to said free magnetic layer in a 
direction crossing a magnetization direction of said pinned magnetic layer. 




'GQstavo Siller, Jr. / 
Registration No. 3Z.305 
Attorney for Applicants 
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SPIN-VALVE TYPE MAGNETORE SI STIVE SENSOR AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a spin-valve type 
magnetoresistive sensor wherein electrical resistance is 
changed depending on the relationship between a stationary- 
magnetization direction of a pinned magnetic layer and a 
magnetization direction of a free magnetic layer which is 
affected by an external magnetic field. More particularly, the 
present invention relates to a spin-valve type magnetoresistive 
sensor having superior heat resistance, a magnetoresistive head 
incorporating the spin-valve type magnetoresistive sensor, and 
to a method of manufacturing the spin-valve type 
magnetoresistive sensor, by which the magnetization direction 
of the free magnetic layer and the magnetization direction of 
the pinned magnetic layer can be easily set in orthogonal 
relation . 

2 . Description of the Related Art 

There are known two types of magnetic heads utilizing a 
magnetoresistive effect; i.e., an AMR (Anisotropic 
Magnetoresistive) head incorporating a sensor which exhibits a 
magnetoresistive effect and a GMR (Giant Magnetoresistive) head 
incorporating a sensor which exhibits a giant magnetoresistive 
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effect. In the AMR head, the sensor exhibiting a 
magnetoresistive effect has a single-layer structure formed of 
a magnetic substance. On the other hand, the GMR head comprises 
a multilayer structure sensor made of a plurality of materials 
formed as a laminate of layers. There are several types of 
structures capable of developing a giant magnetoresistive effect. 
A spin-valve type magnetoresistive sensor is known as having a 
relatively simple structure and providing a high rate of 
resistance change with respect to a weak external magnetic field. 

Figs. 13 and 14 are sectional views each showing the 
structure of an example of conventional spin-valve type 
magnetoresistive sensors, as viewed from the side facing a 
recording medium. 

Above and below the spin-valve type magnetoresistive 
sensor of each example, shielding layers are formed with gap 
layers interposed therebetween. The spin-valve type 
magnetoresistive sensor, the gap layers, and the shielding 
layers cooperatively construct a GMR head for reproduction. An 
inductive head for magnetic recording may be layered on the GMR 
head for reproduction. The GMR head for reproduction is provided, 
for example, on a trailing end face of a floating slider along 
with the inductive head for magnetic recording, whereby a 
magnetoresistive head is constructed. The magnetoresistive 
head is used to detect a magnetic field recorded on a magnetic 
recording medium such as a hard disk. 



- 3 - 



In Figs. 13 and 14, a Z-direction represents the moving 
direction of a magnetic recording medium, and a Y-direction 
represents the direction of a leakage magnetic field from the 
magnetic recording medium. 

The spin-valve type magnetoresistive sensor shown in Fig. 
13 is one example of the so-called bottom type single-spin-valve 
magnetoresistive sensors wherein an antif erromagnetic layer, a 
pinned magnetic layer, a non-magnetic electrically conductive 
layer, and a free magnetic layer are formed on a substrate one 
by one in this order from the substrate side. 

The spin-valve type magnetoresistive sensor shown in Fig. 
13 comprises a multilayer film 33 made up of an underlying layer 
31, an antif erromagnetic layer 22, a pinned magnetic layer 23, 
a non-magnetic electrically conductive layer 24, a free magnetic 
layer 25 and a protective layer 32 , which are formed in this order 
from the lower side in Fig. 13; a pair of hard bias layers 
(permanent magnetic layers) 29, 29 formed on both sides of the 
multilayer film 33; and a pair of electrode layers 28, 28 formed 
respectively on the hard bias layers 29, 29. 

The underlying layer 31 and the protective layer 32 are 
each formed of a Ta film or the like. Also, a track width Tw 
is determined by the width of an upper surface of the multilayer 
film 33. 

In general, the antif erromagnetic layer 22 is formed of 
a Fe-Mn alloy film or a Ni-Mn alloy film, and the pinned magnetic 
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layer 23 and the free magnetic layer 25 are each formed of a Ni-Fe 
alloy film. The non-magnetic electrically conductive layer 24 
is formed of a Cu film, the hard bias layers 29 , 29 are each formed 
of a Co-Pt alloy film, and the electrode layers 28 , 28 are each 
formed of a Cr or W film. 

As shown in Fig. 13, magnetization of the pinned magnetic 
layer 23 is brought into a single domain state in the Y-direction 
(the direction of a leakage magnetic field from the magnetic 
recording medium; the direction of height) under an exchange 
anisotropic magnetic field cooperatively generated in the 
antif erromagnetic layer 22. Magnetization of the free magnetic 
layer 25 is uniformly arranged in a direction opposing to the 
Xl-direction under the effect of a bias magnetic field from the 
hard bias layers 29, 29. 

In other words, the magnetization of the pinned magnetic 
layer 23 and the magnetization of the free magnetic layer 25 are 
set to cross in orthogonal relation. 

In the spin-valve type magnetoresistive sensor shown in 
Fig. 13, a detection electric current ( sensing electric current) 
is applied from the electrode layers 28, 28 formed on the hard 
bias layers 29, 29 to the pinned magnetic layer 23, the non- 
magnetic electrically conductive layer 24 and the free magnetic 
layer 25. The magnetic recording medium such as a hard disk 
travels in the Z-direction. When a leakage magnetic field from 
the magnetic recording medium is applied in the Y-direction, the 



- 5 - 



magnetization of the free magnetic layer 25 is varied from the 
direction opposing to the Xl-direction toward the Y-direction. 
Electrical resistance is changed (called a magnetoresistance 
change) depending on the relationship between a variation of the 
magnetization direction in the free magnetic layer 25 and the 
stationary magnetization direction of the pinned magnetic layer 
23. The leakage magnetic field from the magnetic recording 
medium can be detected in accordance with a voltage change caused 
by such a change in electrical resistance value. 

The spin-valve type magnetoresistive sensor shown in Fig. 
14 is another example of the so-called bottom type single- 
spin-valve magnetoresistive sensors wherein an 
antif erromagnetic layer , a pinned magnetic layer , anon-magnetic 
electrically conductive layer, and a free magnetic layer are 
formed on a substrate one by one in this order from the substrate 
side (the lower side in Fig. 14) . 

In Fig. 14, character K denotes a substrate. An 
antiferromagnetic layer 22 is formed on the substrate K. Further, 
a pinned magnetic layer 23 is formed on the antiferromagnetic 
layer 22, and a non-magnetic electrically conductive layer 24 
is formed on the pinned magnetic layer 23. Moreover, a free 
magnetic layer 25 is formed on the non-magnetic electrically 
conductive layer 24. 

On the free magnetic layer 25, a pair of bias layers 26, 
26 are formed while a spacing corresponding to a track width Tw 



- 6 - 



is left between the bias layers 26, 26. A pair of electrically 
conductive layers 2 8 , 2 8 are formed respectively on the bias 
layers 26, 26. 

The pinned magnetic layer 23 is formed of, for example, 
a Co film, a NiFe alloy, a CoNiFe alloy, or a CoFe alloy. The 
antiferromagnetic layer 22 is formed of a NiMn alloy. 

The bias layer 26 is formed of an antiferromagnetic 
material, such as a FeMn alloy, which belongs to the face- 
centered cubic system, has an irregular crystal structure, and 
does not require heat treatment for generating an exchange 
anisotropic magnetic field. 

The pinned magnetic layer 23 shown in Fig. 14 is magnetized 
in one direction under an exchange anisotropic magnetic field 
based on exchange coupling produced at the interface between the 
pinned magnetic layer 23 and the antiferromagnetic layer 22 . The 
magnetization direction of the pinned magnetic layer 23 is made 
stationary in the Y-direction shown in Fig. 14, i.e., the 
direction away from the magnetic recording medium (direction of 
height) . 

Also, the free magnetic layer 25 is magnetized into a single 
domain state under an exchange anisotropic magnetic field 
cooperatively generated in the bias layers 26. Then, the 
magnetization direction of the free magnetic layer 25 is 
uniformly arranged in a direction opposing to the Xl-direction 
shown in Fig. 14, i.e., a direction perpendicularly crossing the 
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magnetization direction of the pinned magnetic layer 23. 

Because the free magnetic layer 25 is magnetized into a 
single domain state under the exchange anisotropic magnetic 
field cooperatively generated in the bias layers 26, the 
occurrence of Barkhausen noise is prevented. 

In the conventional spin-valve type magnetoresistive 
sensor shown in Fig. 14, a steady electric current is applied 
from the electrically conductive layer 28 to the free magnetic 
layer 25, the non-magnetic electrically conductive layer 24 and 
the pinned magnetic layer 23 . When a leakage magnetic field from 
the magnetic recording medium traveling in the Z-direction is 
applied in the Y-direction in the above condition, the 
magnetization of the free magnetic layer 25 is varied from the 
direction opposing to the Xl-direction toward the Y-direction. 
Electrical resistance is changed depending on the relationship 
between a variation of the magnetization direction in the free 
magnetic layer 25 and the stationary magnetization direction of 
the pinned magnetic layer 23. The leakage magnetic field from 
the magnetic recording medium can be detected in accordance with 
a voltage change caused by such a change in electrical 
resistance . 

The spin-valve type magnetoresistive sensor shown in Fig. 
14 is manufactured as follows. As shown in Fig. 15, all the 
component layers from the antif erromagnetic layer 22 to the free 
magnetic layer 25 are successively formed on the substrate K one 
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above another, and are then subjected to heat treatment 
(annealing) under a magnetic field. An exchange anisotropic 
magnetic field is thereby generated at the interface between the 
pinned magnetic layer 23 and the antif erromagnetic layer 22 to 
make the magnetization direction of the pinned magnetic layer 
23 stationary in the Y-direction shown in Fig. 14. Further, as 
shown in Fig. 16, a lift-off resist 351 having a width 
substantially corresponding to the track width is formed. Then, 
as shown in Fig. 17, the bias layer 26 and the electrically 
conductive layer 28 are successively formed on a surface area 
of the free magnetic layer 25 which is not covered by the lift-off 
resist 351. After removing the lift-off resist 351, the 
magnetization direction of the free magnetic layer 25 is 
uniformly arranged in the direction of the track width. As a 
result, the spin-valve type magnetoresistive sensor having the 
magnetization direction shown in Fig. 14 is manufactured. 

Next, Fig. 18 is a sectional view showing the structure 
of a principal part of a magnetoresistive head including still 
another example of conventional spin-valve type 
magnetoresistive sensors, as viewed from the side facing a 
recording medium. 

In Fig. 18, symbol MR3 denotes a spin-valve type 
magnetoresistive sensor, and symbol al2 denotes a laminate. The 
laminate al2 is formed such that an antif erromagnetic layer 122 
is formed on an underlying layer 121; a pinned magnetic layer 
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153 is formed on the antif erromagnetic layer 122 ; a non-magnetic 
electrically conductive layer 124 is formed on the pinned 
magnetic layer 153; a free magnetic layer 175 is formed on the 
non-magnetic electrically conductive layer 124 ; and a protective 
layer 127 is formed on the free magnetic layer 175. 

The free magnetic layer 175 in the spin-valve type 
magnetoresistive sensor MR3 of this example is made of a 
non-magnetic intermediate layer 17 6, a first free magnetic layer 
177, and a second free magnetic layer 178, the first and second 
layers 177, 178 sandwiching the non-magnetic intermediate layer 
17 6 therebetween. 

The first free magnetic layer 177 is positioned closer to 
the protective layer 127 than the non-magnetic intermediate 
layer 176, and the second free magnetic layer 178 is positioned 
closer to the non-magnetic electrically conductive layer 124 
than the non-magnetic intermediate layer 176. Further, the 
second free magnetic layer 178 is made up of a diffusion 
preventing layer 179 and a ferromagnetic layer 180. 

The second free magnetic layer 178 has a thickness t 2 
greater than a thickness t x of the first free magnetic layer 177. 
Also, assuming that saturation magnetization of the first free 
magnetic layer 177 and the second free magnetic layer 17 8 is 
respectively M x , M 2 , a magnetic film thickness of the first free 
magnetic layer 177 and the second free magnetic layer 178 is 
respectively M x -t lr M 2 -t 2 . Since the second free magnetic layer 
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178 is made up of the diffusion preventing layer 179 and the 
ferromagnetic layer 180, the magnetic film thickness M 2 -t 2 of the 
second free magnetic layer 178 is given as the sum of a magnetic 
film thickness of the diffusion preventing layer 179 and a 
magnetic film thickness of the ferromagnetic layer 180. 

Further, the free magnetic layer 175 is formed such that 
the magnetic film thicknesses of the first free magnetic layer 
177 and the second free magnetic layer 178 satisfy a relationship 
of M 2 -t 2 > Mi-tj.. Moreover, the first free magnetic layer 177 and 
the second free magnetic layer 178 are coupled to each other in 
antif erromagnetic relation. In other words, when the 
magnetization direction of the second free magnetic layer 17 8 
is uniformly arranged in the Xl-direction shown in Fig. 18, the 
magnetization direction of the first free magnetic layer 177 is 
uniformly arranged in a direction opposing to the Xl-direction. 

In addition, since the magnetic film thicknesses of the 
first and second free magnetic layers 177, 178 satisfy the 
relationship of M 2 -t 2 > M^t^ the magnetization of the second free 
magnetic layer 17 8 remains eventually and the magnetization 
direction of the free magnetic layer 175 is uniformly arranged 
as a whole in the Xl-direction. At this time, an effective film 
thickness of the free magnetic layer 175 is given by (M 2 -t 2 - M^tJ . 

Thus, the first free magnetic layer 177 and the second free 
magnetic layer 17 8 are coupled to each other in antif erromagnetic 
relation so as to have antiparallel magnetization directions, 
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and their magnetic film thicknesses satisfy the relationship of 
M 2 -t 2 > Mj/ti, whereby the free magnetic layer 175 is brought into 
an artificial f errimagnetic state. Also, the magnetization 
direction of the free magnetic layer 175 and the magnetization 
direction of the pinned magnetic layer 153 cross each other. 

The conventional spin-valve type magnetoresistive sensor 
shown in Fig. 13 however has a risk of causing the problem 
described below. 

As mentioned above, the magnetization of the pinned 
magnetic layer 23 shown in Fig. 13 is brought into a single domain 
state in the Y-direction and held stationary, but the hard bias 
layers 29, 29 magnetized in the direction opposing to the 
Xl-direction are provided on both sides of the pinned magnetic 
layer 23 . Therefore , opposite ends of the pinned magnetic layer 
23 are so affected by the bias magnetic field from the hard bias 
layers 29, 29 that it is difficult to hold the magnetization 
direction of the pinned magnetic layer 23 stationary in the 
Y-direction shown in Fig. 13. 

More specifically, under the effect of magnetization of 
the hard bias layers 29, 29 in the direction opposing to the 
Xl-direction, the magnetization of the free magnetic layer 25, 
which is brought into a single domain state in the direction 
opposing to the Xl-direction, and the magnetization of the pinned 
magnetic layer 23 are hard to cross in orthogonal relation, 
especially, in the vicinity of the lateral ends of the multilayer 
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film 33. The reason why the magnetization of the free magnetic 
layer 25 and the magnetization of the pinned magnetic layer 23 
are held in orthogonal relation, resides in that the 
magnetization of the free magnetic layer 25 can be easily varied 
even with a small external magnetic field and electrical 
resistance can be greatly changed in such a condition, thus 
resulting in an improvement of reproduction sensitivity. 
Further, with the orthogonal relation between both the 
magnetization directions, an output signal waveform having 
better symmetry can be obtained. 

Additionally, the magnetization of the free magnetic layer 
25 in the vicinity of lateral ends thereof tends to be undesirably 
held stationary because of a strong effect of the magnetization 
of the hard bias layers 29, 29, and hence tends to vary less 
sensitively upon application of an external magnetic field. As 
shown in Fig. 13, therefore, dead areas in which reproduction 
sensitivity is poor are formed in the vicinity of the lateral 
ends of the multilayer film 33. 

Of the multilayer film 33, a central portion except for 
the opposite dead areas serves as a sensitive area that actually 
contributes to reproduction of a recorded magnetic field and 
develops a magnetoresistance effect. A width of the sensitive 
area is shorter than the track width Tw set in formation of the 
multilayer film 33 by widths of the opposite dead areas. Also, 
due to variations in widths of the opposite dead areas, it is 
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difficult to precisely define the track width. This results in 
a problem of difficulty in narrowing the track width to be adapted 
for a higher recording density. 

In the spin-valve type magnetoresistive sensor shown in 
Fig. 14, the magnetization direction of the free magnetic layer 
is uniformly arranged so as to cross the magnetization direction 
of the pinned magnetic layer at 9 0°based on exchange biasing by 
using the bias layers made of an antif erromagnetic material. 

The exchange biasing is more suitable for a spin-valve type 
magnetoresistive sensor having a narrower track width to be 
adapted for a higher recording density in comparison with hard 
biasing wherein it is difficult to precisely control an effective 
track width due to the presence of the dead areas. 

However, the spin-valve type magnetoresistive sensor shown 
in Fig. 14 has a problem of corrosion because the 
antif erromagnetic layer 22 is formed of a Ni-Mn alloy. Also, 
in the spin-valve type magnetoresistive sensor including the 
antif erromagnetic layer 22 formed of a Ni-Mn alloy or a Fe-Mn 
alloy, another problem is encountered in that the 
antif erromagnetic layer 22 is corroded by, e.g. , a weak alkaline 
solution, containing natrium tripolyphosphate or the like, and 
an emulsifier which are used in manufacturing steps of the 
magnetoresistive head, and hence the exchange anisotropic 
magnetic field is reduced. 

Further, since the antif erromagnetic layer 22 is formed 
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of a Ni-Mn alloy, antif erromagnetic materials usable as the bias 
layers 26, 26 are restricted. This has necessarily raised such 
a drawback that the bias layers 26, 26 are poor in heat resistance 
and corrosion resistance. More specifically, to form the bias 
layers 26, 26 having high heat resistance, an antif erromagnetic 
material such as a Ni-Mn alloy must be selected which can develop 
an exchange anisotropic magnetic field in the direction opposing 
to the Xl-direction at the interface between the bias layers 26, 
26 and the free magnetic layer 25 when heat treatment is carried 
out under a magnetic field crossing the exchange anisotropic 
magnetic field that acts in the Y-direction in Fig. 14 at the 
interface between the antif erromagnetic layer 22 formed of an 
Ni-Mn alloy and the pinned magnetic layer 23 . 

During the heat treatment under the above-mentioned 
magnetic field, however, the exchange anisotropic magnetic field 
acting at the interface between the antif erromagnetic layer 22 
and the pinned magnetic layer 23 is inclined from the Y-direction 
toward the direction opposing to the Xl-direction . Accordingly , 
the magnetization direction of the pinned magnetic layer 23 and 
the magnetization direction of the free magnetic layer 25 are 
out of the orthogonal relation, thus resulting in a problem that 
an output signal waveform has poor symmetry. 

For the bias layers 26, 26, it has been therefore required 
to select an antif erromagnetic material that does not require 
heat treatment under a magnetic field and can generate an 
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exchange anisotropic magnetic field immediately after the 
formation under a magnetic field. 

For the above reason, the bias layers 26, 26 are generally 
formed of a FeMn alloy which belongs to the face-centered cubic 
system and has an irregular crystal structure. 

However, when the spin-valve type magnetoresistive sensor 
shown in Fig. 14 is provided in a magnetic recording device or 
the like, the sensor is subjected to a high temperature over 100°C 
due to a temperature rise in the device and Joule heat produced 
by a detection electric current. This reduces the exchange 
anisotropic magnetic field to such an extent that it is difficult 
to hold the free magnetic layer 25 in a single domain state. As 
a result, a problem of causing the Barkhausen noise has occurred. 

Another problem is that, because the Fe-Mn alloy is poorer 
in corrosion resistance than the Ni-Mn alloy, the bias layers 
are corroded by, e.g., a weak alkaline solution, containing 
sodium tripolyphosphate or the like, and an emulsifier which are 
used in manufacturing steps of the magnetoresistive head, and 
hence the exchange anisotropic magnetic field is reduced. In 
addition, corrosion of the bias layers further proceeds in the 
magnetic recording device, whereby durability of the device 
deteriorates . 

In the manufacturing method of the conventional spin-valve 
type magnetoresistive sensor shown in Figs. 15 - 17, the surface 
of the uppermost one of the layers formed between the substrate 
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and the bias layers is exposed to the atmosphere in the step of 
forming the lift-off resist 351 shown in Fig. 16. The surface 
having been exposed to the atmosphere must be cleaned by ion 
milling or reverse sputtering with rare gas, such as Ar, before 
forming another layer on the exposed surface. This results in 
a problem of increasing the number of manufacturing steps. 
Further, the necessity of cleaning the surface of the uppermost 
layer by ion milling or reverse sputtering raises another problem 
attributable to the cleaning, such as an adverse effect upon 
generation of the exchange anisotropic magnetic field caused by 
contamination with foreign matters deposited again on the 
surface or disorder of the crystal state at the surface. 

In the spin-valve type magnetoresistive sensor MR3 shown 
in Fig. 18, a strong magnetic field is applied to the first free 
magnetic layer 177 from tip portions 126a, 126a of the hard bias 
layers 126, 126 in the vicinity of upper lateral ends of the 
laminate al2 , and this magnetic field is opposed to the direction 
of a magnetic field to be applied to the first free magnetic layer 
177. Therefore, when the magnetic field generated by the hard 
bias layers 126, 126 becomes greater than a later-described spin 
flop magnetic field (H sf ) , a magnetic field opposing to the 
direction of the magnetic field, which is intended to be applied 
to the first free magnetic layer 177, acts upon opposite end 
portions of the first free magnetic layer 177 (i.e., portions 
thereof adjacent to the corresponding hard bias layers 126) . As 
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a result, the magnetization direction of the first free magnetic 
layer 177 in its central portion is uniformly arranged in a 
direction opposing to the magnetization direction of the second 
free magnetic layer 178 (i.e. , in the direction opposing to the 
Xl-direction) , whereas the magnetization direction of the first 
free magnetic layer 177 in its opposite end portions is 
disordered . 

With the magnetization direction disordered in the 
opposite end portions of the first free magnetic layer 177, the 
second free magnetic layer 178 , of which magnetization direction 
is to be uniformly arranged (in the Xl-direction) in antiparallel 
relation to the magnetization direction of the first free 
magnetic layer 177, is brought into such a state that the 
magnetization direction of the second free magnetic layer 178 
in its central portion is uniformly arranged in a direction 
opposing to the magnetization direction of the first free 
magnetic layer 177 (i.e., in the Xl-direction), whereas the 
magnetization direction of the second free magnetic layer 17 8 
in its opposite end portions is disordered. Accordingly, the 
magnetization directions of the first and second free magnetic 
layers 177, 178 in their opposite end portions are no longer 
arranged in antiparallel relation. This may accompany a risk 
of lowering stability of a reproduced waveform at both ends of 
the track width Tw and hence causing a problem such as a servo 
error . 
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A description is now made of the spin flop magnetic field 
with reference to Fig. 19. Fig. 19 is a graph showing an M- 
H curve of the free magnetic layer. 

The M-H curve represents changes in magnetization M of the 
free magnetic layer 175 resulted when an external magnetic field 
H is applied in the direction of the track width to the free 
magnetic layer 175 of the spin-valve type magnetoresistive 
sensor MR3 constructed as shown in Fig. 18. Note that, in Fig. 
19, the external magnetic field H corresponds to the bias 
magnetic field from the hard bias layers 126, 126. 

Also, in Fig. 19, arrow F 1 represents the magnetization 
direction of the first free magnetic layer 177, and arrow F 2 
represents the magnetization direction of the second free 
magnetic layer 17 8. 

As shown in Fig. 19, when the external magnetic field H 
is small, the first free magnetic layer 177 and the second free 
magnetic layer 178 are in the antif erromagnetically coupled 
state ; namely , the directions of arrows F L and F 2 are antiparallel . 
When the magnitude of the external magnetic field H exceeds a 
certain value, the directions of arrows F ± and F 2 are not 
antiparallel and the antif erromagnetic coupling between the 
first free magnetic layer 177 and the second free magnetic layer 
178 is broken, whereby the free magnetic layer 175 can no longer 
maintain a f errimagnetic state. This phenomenon is called spin 
flop transition. Also, the magnitude of the external magnetic 
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field at the time of occurrence of the spin flop transition is 
called a spin flop magnetic field that is shown by H sf in Fig. 
19 . When the external magnetic field H continues to be increased 
beyond the spin flop magnetic field H sf , the direction of arrow 
F x is further rotated and then becomes parallel to the direction 
of arrow F 2 ; namely, arrow F x is pointed in a direction 
180°dif ferent from the original direction. Thus, the 
f errimagnetic state is completely broken. The magnitude of the 
external magnetic field corresponding to that condition is 
called a saturation magnetic field that is shown by H s in Fig. 
19. 

Accordingly, the magnetization directions of the first and 
second free magnetic layers 177, 178 in their opposite end 
portions, shown in Fig. 19, are disordered to a larger extent 
in the opposite end portions of the first free magnetic layer 
177 as indicated, by way of example, by arrows F 1 depicted in 
an area of the first free magnetic layer 177 in Fig. 20. Because 
of tendency to hold the antiparallel relation in the 
f errimagnetic state corresponding to the magnetization 
direction of the first free magnetic layer 177 , the magnetization 
direction of the second free magnetic layer 178 is also 
disordered as indicated, by way of example, by arrows F 2 depicted 
in an area of the second free magnetic layer 178 in Fig. 20. In 
the spin-valve type magnetoresistive sensor MR3 constructed as 
shown in Fig. 18, therefore, there has been a risk of lowering 
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stability of a reproduced waveform at both ends of the track width 
Tw and hence causing a problem such as a servo error. To describe 
in more detail the magnetization state shown in Fig. 20, a strong 
magnetic field is applied in an opposing direction to the left 
and right opposite ends of the first free magnetic layer 177 from 
the hard bias layers 126, 126, whereby magnetization 
distribution in the second free magnetic layer 178 is also 
disordered. This invites the occurrence of Barkhausen noise or 
the like and deteriorates magnetic stability. 

SUMMARY OF THE INVENTION 

With the view of solving the problems set forth above, an 
object of the present invention is to provide a spin-valve type 
magnetoresistive sensor which is superior in heat resistance and 
corrosion resistance by improvement in a material of a bias layer . 
Another object of the present invention is to provide a 
spin-valve type magnetoresistive sensor having a bias structure 
that enables magnetization direction of a free magnetic layer 
to be uniformly arranged with certainty. 

Still another object of the present invention is to provide 
a spin-valve type magnetoresistive sensor which is structured 
such that a free magnetic layer is separated into two layers and 
magnetization is less susceptible to less disorder in opposite 
end portions of each free magnetic layer even with employment 
of a structure of applying a bias to the free magnetic layer, 
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and which can render the bias to act in a satisfactory manner, 
suppress the occurrence of Barkhausen noise, and improve 
magnetic stability. 

Still another object of the present invention is to provide 
a method of manufacturing the spin-valve type magnetoresistive 
sensor, which enables magnetization direction of the free 
magnetic layer and magnetization direction of a pinned magnetic 
layer to be easily set in orthogonal relation. 

Still another object of the present invention is to provide 
a highly reliable magnetoresistive head including the spin-valve 
type magnetoresistive sensor, which is superior in heat 
resistance and corrosion resistance, and which can develop a 
satisfactory exchange anisotropic magnetic field. 

To achieve the above objects, the present invention has 
the following features . 

A spin-valve type magnetoresistive sensor according to the 
present invention comprises, on a substrate, an 
antiferromagnetic layer; a pinned magnetic layer formed on the 
antif erromagnetic layer and having a magnetization direction 
made stationary under an exchange anisotropic magnetic field 
generated by interaction with the antiferromagnetic layer; a 
non-magnetic electrically conductive layer formed between a free 
magnetic layer and the pinned magnetic layer; soft magnetic 
layers arranged in contact with the free magnetic layer while 
a spacing corresponding to a track width is left between the soft 
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magnetic layers; bias layers formed in contact with the soft 
magnetic layers and acting to uniformly arrange a magnetization 
direction of the free magnetic layer in a direction crossing the 
magnetization direction of the pinned magnetic layer; and 
electrically conductive layers for applying a detection electric 
current to the free magnetic layer, the antif erromagnetic layer 
and the bias layer being each made of an alloy containing at least 
one or more elements selected from among Pt, Pd, Rh, Ru, Ir, Os , 
Au, Ag, Cr, Ni, Ne, Ar , Xe and Kr, as well as Mn . 

With the spin-valve type magnetoresistive sensor of the 
present invention, since the antif erromagnetic layer and the 
bias layer are each made of the above-mentioned alloy, the 
exchange anisotropic magnetic field has a good temperature 
characteristic, and a spin-valve type magnetoresistive sensor 
being superior in heat resistance and corrosion resistance is 
provided . 

Also, the spin-valve type magnetoresistive sensor has good 
durability even when it is provided in a device such as a 
magnetoresistive head in which the temperature reaches a high 
level, and exhibits a less variation in the exchange anisotropic 
magnetic field (exchange-coupled magnetic field) with a 
temperature change . 

Further, by forming the antif erromagnetic layer of the 
above-mentioned alloy, the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
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generated in the antif erromagnetic layer. As a result, the 
magnetization direction of the pinned magnetic layer can be 
firmly held stationary. 

Additionally, because of the soft magnetic layer formed 
between the free magnetic layer and the bias layer, the 
magnetization direction of the free magnetic layer can be 
uniformly arranged with certainty. 

In the above spin-valve type magnetoresistive sensor, at 
lease one of the pinned magnetic layer and the free magnetic layer 
is divided into two layers with a non-magnetic intermediate layer 
interposed between the two layers, and the divided two layers 
are held in a f errimagnetic state where these layers are 
magnetized in directions 180°dif f erent from each other. 

In the spin-valve type magnetoresistive sensor wherein at 
least the pinned magnetic layer is divided into two layers with 
a non-magnetic intermediate layer interposed between the two 
layers, one of the divided two pinned magnetic layers serves to 
make the magnetization of the other layer stationary in a proper 
direction, and therefore the magnetized state of the pinned 
magnetic layer can be held in a very stable condition. 

On the other hand, in the spin-valve type magnetoresistive 
sensor wherein at least the free magnetic layer is divided into 
two layers with a non-magnetic intermediate layer interposed 
between the two layers, an exchange-coupled magnetic field is 
generated between the divided two free magnetic layers so that 
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these layers are brought into the f errimagnetic state and 
magnetization of each layer can rotate with good sensitivity in 
response to an external magnetic field. 

In the above spin-valve type magnetoresistive sensor, 
preferably, the antif erromagnetic layer is made of an alloy 
having the following composition formula; 

X m Mn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Rh, Ru, Ir and Os , and a composition ratio m satisfies 
48 atom % < m < 60 atom % . More preferably, the composition ratio 
m satisfies 48 atom % < m < 58 atom %. 

In the above spin-valve type magnetoresistive , preferably, 
the bias layer is made of an alloy having the following 
composition formula; 

X m Mn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Rh, Ru, Ir and Os, and a composition ratio m satisfies 
52 atom % < m < 60 atom %. 

Also , in the above spin-valve type magnetoresistive sensor , 
preferably, the antif erromagnetic layer is made of an alloy 
having the following composition formula; 

Pt m Mn 100 . m _ n D n 

where D is at least one or more elements selected from among 
Pd, Rh, Ru, Ir and Os , and composition ratios m, n satisfy 48 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. More 
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preferably, the composition ratios m, n satisfy 48 atom % < m 
+ n < 58 atom % and 0.2 atom % < n < 40 atom %. 

In the above spin-valve type magnetoresistive sensor, 
preferably, the bias layer is made of an alloy having the 
following composition formula; 

Pt m Mn 100 _ m _ n D n 

where D is at least one or more elements selected from among 
Pd, Rh, Ru, Ir and Os , and composition ratios m, n satisfy 52 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

Furthermore, in the above spin-valve type magnetoresistive 
sensor, the antif erromagnetic layer may be made of an alloy 
having the following composition formula ; 

PtgMnioo-q-jLj 

where L is at least one or more elements selected from among 
Au, Ag, Cr, Ni , Ne , Ar , Xe and Kr , and composition ratios q, j 
satisfy 48 atom % < q + j < 60 atom % and 0.2 atom % < j < 10 
atom % . 

More preferably, the composition ratios q r j satisfy 48 
atom % < q + j < 58 atom % and 0.2 atom % < j < 10 atom %. 

In the above spin-valve type magnetoresistive sensor, the 
bias layer may be made of an alloy having the following 
composition formula; 

Pt q Mn 100 _ q _ j L j 

where L is at least one or more elements selected from among 
Au, Ag, Cr, Ni , Ne , Ar , Xe and Kr , and composition ratios q, j 
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satisfy 52 atom % < q + j < 60 atom % and 0.2 atom % < j < 10 
atom % . 

In particular, when the antif erromagnetic layer and the 
bias layer are made of an alloy having the same composition, the 
following combinations (1) to (3) are suitably employed in the 
spin-valve type magnetoresistive sensor of the present 
invention . 

(1) Preferably, the alloy making up the antif erromagnetic layer 
and the bias layer has the following composition and composition 
ratio ; 

X m Mn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Rh, Ru, Ir and Os , and the composition ratio m satisfies 
52 atom % < m < 60 atom %. 

More preferably, the composition ratio m of the 
antiferromagnetic layer and the bias layer satisfies 52 atom % 

< m < 56.3 atom %. 

(2) Preferably, the alloy making up the antiferromagnetic layer 
and the bias layer has the following composition and composition 
ratio ; 

PtgMn^o^Lj 

where L is at least one or more elements selected from among 
Au, Ag, Cr, Ni , Ne , Ar , Xe and Kr , and the composition ratios 
q, j satisfy 52 atom % < q + j < 60 atom % and 0.2 atom % < j 

< 10 atom %. 
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More preferably, the composition ratios q, j of the 
antiferromagnetic layer and the bias layer satisfy 52 atom % < 
q + j < 5 6.3 atom % and 0.2 atom % < j < 10 atom %. 

(3) Preferably, the alloy making up the antiferromagnetic layer 
and the bias layer has the following composition and composition 
ratio ; 

Pt m Mn 100 _ m _ n D n 

where D is at least one or more elements selected from among 
Pd r Rh, Ru, Ir and Os , and the composition ratios m, n satisfy 
52 atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

More preferably, the composition ratios m, n of the 
antiferromagnetic layer and the bias layer satisfy 52 atom % < 
m + n < 56.3 atom % and 0.2 atom % < n < 40 atom %. 

When the antiferromagnetic layer and the bias layer are 
made of alloys having different compositions, the following 
combinations (4) to (6) are suitably employed. 

(4) Preferably, the bias layer is made of an alloy expressed by 
a composition formula X m Mn 100 _ m (where X is at least one or more 
elements selected from among Pt, Pd, Rh , Ru , Ir and Os , and the 
composition ratio m satisfies 52 atom % < m < 60 atom %) , whereas 
the antiferromagnetic layer is made of an alloy expressed by a 
composition formula X m Mn 100 _ m (where X is at least one or more 
elements selected from among Pt, Pd, Rh, Ru , Ir and Os , and the 
composition ratio m satisfies 48 atom % < m < 58 atom %) . 

More preferably, the composition ratio m of the bias layer 
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satisfies 52 atom % < m < 54 atom % or 56 . 8 atom % < m < 60 atom % . 

(5) Preferably, the bias layer is made of an alloy expressed by 
a composition formula PtJAn^^I^ (where L is at least one or 
more elements selected from among Au , Ag, Cr, Ni, Ne , Ar , Xe and 
Kr, and the composition ratios q, j satisfy 52 atom % < q + j 

< 60 atom % and 0.2 atom % < j < 10 atom %, whereas the 
antif erromagnetic layer is made of an alloy expressed by a 
composition formula Pt q Mn 100 _ q _ j L j (where L is at least one or more 
elements selected from among Au, Ag, Cr, Ni , Ne, Ar , Xe and Kr r 
and the composition ratios q, j satisfy 48 atom % < q + j < 58 
atom % and 0.2 atom % < j < 10 atom %. 

More preferably, the composition ratios q, j of the bias 
layer satisfy 52 atom % < q + j < 54 atom % and 0.2 atom % < j 

< 10 atom %, or 56.8 atom % < q + j < 60 atom % and 0.2 atom % 

< j < 10 atom %. 

(6) Preferably, the bias layer is made of an alloy expressed by 
a composition formula Pt m Mn 100 _ m _ n D n (where D is at least one or 
more elements selected from among Pd, Rh, Ru, Ir and Os, and the 
composition ratios m r n satisfy 52 atom % < m + n < 60 atom % 
and 0.2 atom % < n < 40 atom %, whereas the antif erromagnetic 
layer is made of an alloy expressed by a composition formula 
Pt m Mn 100 _ m _ n D n (where D is at least one or more elements selected 
from among Pd, Rh , Ru , Ir and Os , and the composition ratios m, 
n satisfy 48 atom % < m + n < 58 atom % and 0.2 atom % < n < 40 
atom % . 
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More preferably, the composition ratios m, n of the bias 
layer satisfy 52 atom % < m + n < 54 atom % and 0.2 atom % < n 

< 40 atom %, or 56.8 atom % < m + n < 60 atom % and 0.2 atom % 

< n < 40 atom %. 

In the above spin-valve type magnetoresistive sensor, 
preferably, the soft magnetic layer is made of a NiFe alloy. 

In the present invention, the spin-valve type 
magnetoresistive sensor may have such a structure that recesses 
are formed in the free magnetic layer on both sides of an area 
corresponding to a track width, the soft magnetic layers are 
formed to fill the recesses and are directly joined to the free 
magnetic layer through bottom surfaces of the recesses, and the 
bias layers and the electrically conductive layers are 
successively formed on the soft magnetic layers. 

Generally, exchange coupling at the interface between a 
ferromagnetic substance and an antif erromagnetic substance 
tends to be more easily affected by contamination or disorder 
of crystallinity at the interface than exchange coupling at the 
interface between a ferromagnetic substance and a ferromagnetic 
substance . Therefore , the soft magnetic layer and the bias layer 
require to be successively formed in the same film forming 
apparatus. If the soft magnetic layers are formed without 
providing the recesses in the free magnetic layer, a total value 
of (thickness of ferromagnetic filmx saturation magnetization) 
in areas on both sides of the track width is much greater than 



- 30 - 



a value of (thickness of ferromagnetic film x saturation 
magnetization) of the free magnetic layer. The intensity of a 
longitudinal bias applied to the free magnetic layer is 
proportional to a value obtained by dividing the total value of 
(thickness of ferromagnetic filmx saturation magnetization) by 
the value of (thickness of ferromagnetic film X saturation 
magnetization) of the free magnetic layer. In the case of not 
providing the recesses , therefore , the longitudinal bias becomes 
stronger than necessary, which may invite a problem of causing 
dead areas at both ends of a track or deteriorating sensitivity 
of the sensor as a whole. Also, if the soft magnetic layer is 
too thick, there may occur such a drawback that a state of the 
longitudinal bias is changed even with a slight external magnetic 
field and a reproduced waveform becomes unstable, because an 
exchange-coupled magnetic field between the bias layer and the 
soft magnetic layer is reduced in reverse proportion to a film 
thickness. The above drawback can be remedied by setting the 
thickness of the soft magnetic layer as thin as possible. 
However, if the soft magnetic layer is too thin, there conversely 
arises such a problem that the exchange-coupled magnetic field 
between the bias layer and the soft magnetic layer is 
deteriorated for the reason, for example, that the soft magnetic 
layer cannot maintain satisfactory integrity of crystallinity . 
In the case of providing the recesses, an increased film 
thickness of the soft magnetic layer is partly canceled 
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corresponding to a depth of the recesses in terms of total 
thickness. As a result, the longitudinal bias is surely avoided 
from becoming stronger than necessary, and the exchange-coupled 
magnetic field between the bias layer and the soft magnetic layer 
is surely avoided from deteriorating, thus resulting in a first 
advantage that reproduction sensitivity, controllability of the 
track width, and stability of the reproduced waveform can be 
improved. 

A second advantage is as follows. By cutting the free 
magnetic layer to form the recesses by ion milling, etc., 
contaminants on the surface of the free magnetic layer can be 
effectively removed, and ferromagnetic exchange coupling 
between the soft magnetic layer and the free magnetic layer can 
be further enhanced to more effectively transmit the 
longitudinal bias to the free magnetic layer. Also, even in the 
case where a backed layer made of Cu , for example, or an oxidation 
preventive layer made of Ta, for example, is formed on the free 
magnetic layer, the surface of a ferromagnetic substance making 
up the free magnetic layer can be surely exposed by forming the 
recesses . 

In the present invention, the spin-valve type 
magnetoresistive sensor may have such a structure that the free 
magnetic layer is divided into two layers with a non-magnetic 
intermediate layer interposed between the two layers, and 
assuming that one free magnetic layer farther away from the 
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pinned magnetic layer is a first free magnetic layer and the other 
free magnetic layer closer to the pinned magnetic layer is a 
second free magnetic layer, a magnetic film thickness of the 
first free magnetic layer is smaller than a magnetic film 
thickness of the second free magnetic layer. 

Moreover, the above-mentioned objects of the present 
invention can be achieved with a method of manufacturing a 
spin-valve type magnetoresistive sensor comprising the steps of 
forming an antif erromagnetic layer, a pinned magnetic layer, a 
non-magnetic electrically conductive layer, and a free magnetic 
layer successively on a substrate, thereby forming a first 
laminate; heat-treating the first laminate at a first heat 
treatment temperature while applying a first magnetic field in 
a direction perpendicular to a direction of a track width, 
thereby generating an exchange anisotropic magnetic field in the 
antif erromagnetic layer to make magnetization of the pinned 
magnetic layer stationary; forming soft magnetic layers on the 
first laminate while a spacing corresponding to the track width 
is left between the soft magnetic layers, forming bias layers 
on the soft magnetic layers , and forming electrically conductive 
layers on the bias layers for applying a detection electric 
current to the free magnetic layer, thereby forming a second 
laminate; and heat-treating the second laminate at a second heat 
treatment temperature while applying a second magnetic field 
smaller than the exchange anisotropic magnetic field of the 
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anti ferromagnetic layer in a direction of the track width, 
thereby imparting a bias magnetic field to the free magnetic 
layer in a direction crossing a magnetization direction of the 
pinned magnetic layer. 

In the above method of manufacturing a spin-valve type 
magnetoresistive sensor, preferably, the antif erromagnetic 
layer and the bias layers are each made of an alloy containing 
at least one or more elements selected from among Pt, Pd, Rh, 
Ru, Ir, Os, Au, Ag, Cr, Ni , Ne , Ar, Xe and Kr, as well as Mn . 

Also, in the above method of manufacturing a spin-valve 
type magnetoresistive sensor, preferably, the first heat 
treatment temperature is in a range of 220°C - 270°C. 

Further, in the above method of manufacturing a spin-valve 
type magnetoresistive sensor, preferably, the second heat 
treatment temperature is in a range of 250°C - 270°C. 

In the above method of manufacturing a spin-valve type 
magnetoresistive sensor, preferably, the second magnetic field 
is in a range of 10 - 600 Oe (800 - 48000 A/m) . 

Fig. 21 is a graph showing the relationship between a heat 
treatment temperature and an exchange anisotropic magnetic field 
of an antif erromagnetic layer in each of a bottom type spin- 
valve magnetoresistive sensor and a top type spin-valve 
magnetoresistive sensor. 

As seen from Fig. 21, in the bottom type spin-valve 
magnetoresistive sensor wherein the distance between the 
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antif erromagnetic layer and a substrate is shorter (namely, the 
antif erromagnetic layer is disposed under a pinned magnetic 
layer) , the exchange anisotropic magnetic field of the 
antiferromagnetic layer (indicated by marks ■) is generated 
already at 200°C and exceeds 600 (Oe) near 240°C. On the other 
hand, in the top type spin-valve magnetoresistive sensor wherein 
the distance between the antiferromagnetic layer and the 
substrate is longer than that in the bottom type spin-valve 
magnetoresistive sensor (namely, the antiferromagnetic layer is 
disposed on the pinned magnetic layer) , the exchange anisotropic 
magnetic field of the antiferromagnetic layer (indicated by 
marks ♦ ) is generated nearly at 240°C and exceeds 600 (Oe) (48000 
A/m) near 260°C. 

It is therefore understood that the antiferromagnetic 
layer of the bottom type spin-valve magnetoresistive sensor, in 
which the distance between the antiferromagnetic layer and the 
substrate is shorter (namely, the antiferromagnetic layer is 
disposed under the pinned magnetic layer) , exhibits a greater 
exchange anisotropic magnetic field at a relatively low heat 
treatment temperature than the top type spin-valve 
magnetoresistive sensor wherein the distance between the 
antiferromagnetic layer and the substrate is longer than that 
in the bottom type spin-valve magnetoresistive sensor (namely, 
the antiferromagnetic layer is disposed on the pinned magnetic 
layer) . 
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Thus, the spin-valve type magnetoresistive sensor of the 
present invention is constructed as a bottom type spin-valve 
magnetoresistive sensor wherein the distance between the 
antiferromagnetic layer and the substrate is shorter, and the 
bias layer formed of the same material as the alloy used for the 
antiferromagnetic layer is disposed in a position farther from 
the substrate than the antiferromagnetic layer. Additionally, 
in the bottom type spin-valve magnetoresistive sensor wherein 
the distance between the antiferromagnetic layer and the 
substrate is shorter, the antiferromagnetic layer is disposed 
under the pinned magnetic layer, while in the top type spin- 
valve magnetoresistive sensor wherein the distance between the 
antiferromagnetic layer and the substrate is longer than that 
in the bottom type spin-valve magnetoresistive sensor, the 
antiferromagnetic layer is disposed on the pinned magnetic 
layer . 

Accordingly, in the method of manufacturing the spin-valve 
type magnetoresistive sensor of the present invention, by 
carrying out heat treatment on the first laminate at the first 
heat treatment temperature (22 0 - 27 0°C) while applying the first 
magnetic field, an exchange anisotropic magnetic field is 
generated in the antiferromagnetic layer and the magnetization 
direction of the pinned magnetic layer is made stationary 
uniformly. Also, the exchange anisotropic magnetic field of the 
antiferromagnetic layer exceeds 600 Oe . 
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Then, by carrying out heat treatment on the second laminate 
at the second heat treatment temperature (250 - 270°C) while 
applying the second magnetic field 10 - 600 Oe (800 - 48000 Oe) 
in a direction perpendicular to the first magnetic field, an 
exchange anisotropic magnetic field is generated in the bias 
layer and the magnetization direction of the free magnetic layer 
is uniformly arranged in a direction crossing the first magnetic 
field. Also, the exchange anisotropic magnetic field of the bias 
layer exceeds 600 Oe (48000 A/m) . 

In the above process, by setting the second magnetic field 
to be smaller than the exchange anisotropic magnetic field of 
the antiferromagnetic layer that has been generated by the 
preceding first heat treatment, the exchange anisotropic 
magnetic field of the antiferromagnetic layer is not 
deteriorated even with application of the second magnetic field 
to the antiferromagnetic layer. The magnetization direction of 
the pinned magnetic layer can be thereby maintained stationary. 

As a result, the magnetization direction of the pinned 
magnetic layer and the magnetization direction of the free 
magnetic layer can be held in crossing relation. 

Thus, with the method of manufacturing the spin-valve type 
magnetoresistive sensor according to the present invention, 
since an alloy having superior heat resistance, such as a PtMn 
alloy, is used for not only the antiferromagnetic layer but also 
the bias layer, an exchange anisotropic magnetic field can be 
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generated in the bias layer to make the magnetization direction 
of the free magnetic layer uniformly arranged in a direction 
crossing the magnetization direction of the pinned magnetic 
layer without adversely affecting the magnetization direction 
of the pinned magnetic layer. It is therefore possible to 
uniformly arrange the magnetization direction of the free 
magnetic layer in the direction crossing the magnetization 
direction of the pinned magnetic layer, and hence to provide a 
spin-valve type magnetoresistive sensor having superior heat 
resistance . 

Also, with the method of manufacturing the spin-valve type 
magnetoresistive sensor, the soft magnetic layers are formed on 
the first laminate, and the bias layers are formed on the soft 
magnetic layers. After forming the soft magnetic layers, 
therefore, the bias layers can be formed without breaking a 
vacuum. This means no necessity of cleaning a surface, on which 
the bias layers are to be formed, by ion milling or reverse 
sputtering. As a result, the manufacturing method is superior 
in being free from a drawback attributable to the cleaning, such 
as an adverse effect upon generation of the exchange anisotropic 
magnetic field caused by contamination with foreign matters 
deposited again on the surface or disorder of the crystal state 
at the surface. 

Additionally, in a magnetoresistive head of the present 
invention, the spin-valve type magnetoresistive sensor 
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described above is provided on a slider. 

With the above feature, a highly reliable magnetoresistive 
head can be obtained which is superior in durability, heat 
resistance and corrosion resistance, and which can generate an 
exchange anisotropic magnetic field at a sufficient level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing the structure of a 
spin-valve type magnetoresistive sensor according to a first 
embodiment of the present invention, as viewed from the side 
facing a recording medium; 

Fig. 2 is a sectional view for explaining a method of 
manufacturing the spin-valve type magnetoresistive sensor shown 
in Fig. 1, showing a state where a first laminate is formed on 
a substrate; 

Fig. 3 is a sectional view for explaining the method of 
manufacturing the spin-valve type magnetoresistive sensor shown 
in Fig. 1, showing a state where a lift-off resist is formed; 

Fig. 4 is a sectional view for explaining the method of 
manufacturing the spin-valve type magnetoresistive sensor shown 
in Fig. 1, showing a state where a bias layer and an electrically 
conductive layer are formed; 

Fig. 5 is a perspective view showing a magnetoresistive 
head including the spin-valve type magnetoresistive sensor 
according to the first embodiment of the present invention; 



- 39 - 



Fig. 6 is a sectional view showing a principal part of the 
magnetoresistive head including the spin-valve type 
magnetoresistive sensor according to the first embodiment of the 
present invention; 

Fig. 7 is a sectional view showing a spin-valve type 
magnetoresistive sensor according to a second embodiment of the 
present invention ; 

Fig. 8 is a sectional view showing the structure of the 
spin-valve type magnetoresistive sensor shown in Fig. 7, as 
viewed from the side facing a recording medium; 

Fig. 9 is a sectional view showing a spin-valve type 
magnetoresistive sensor according to a third embodiment of the 
present invention; 

Fig. 10 is a sectional view showing the structure of the 
spin-valve type magnetoresistive sensor shown in Fig. 9, as 
viewed from the side facing a recording medium; 

Fig. 11 is a sectional view showing the structure of a 
spin-valve type magnetoresistive sensor according to a fourth 
embodiment of the present invention, as viewed from the side 
facing a recording medium; 

Fig. 12 is a sectional view showing a state where a lift-off 
resist is formed on a first free magnetic layer in a process for 
manufacturing the structure shown in Fig. 1; 

Fig. 13 is a sectional view showing the structure of one 
example of conventional spin-valve type magnetoresistive 
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sensors, as viewed from the side facing recording medium; 

Fig. 14 is a sectional view showing the structure of another 
example of conventional spin-valve type magnetoresistive 
sensors, as viewed from the side facing a recording medium; 

Fig. 15 is a sectional view for explaining a method of 
manufacturing the conventional spin-valve type magnetoresistive 
sensor shown in Fig. 14, showing a state where a first laminate 
is formed on a substrate; 

Fig. 16 is a sectional view for explaining the method of 
manufacturing the conventional spin-valve type magnetoresistive 
sensor shown in Fig. 14, showing a state where a lift-off resist 
is formed of the first laminate; 

Fig. 17 is a sectional view for explaining the method of 
manufacturing the conventional spin-valve type magnetoresistive 
sensor shown in Fig. 14, showing a state where a bias layer and 
an electrically conductive layer are formed; 

Fig. 18 is a sectional view showing the structure of still 
another example of conventional spin-valve type 
magnetoresistive sensors; 

Fig. 19 is a graph showing magnetization directions of 
respective layers of a two-layered free magnetic layer depending 
on the intensity of an external magnetic field in the case where 
a free magnetic layer in the spin-valve type magnetoresistive 
sensor having the structure shown in Fig. 18 is separated into 
two layers ; 
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Fig. 20 is an illustration showing magnetization 
directions of first and second free magnetic layers in the 
spin-valve type magnetoresistive sensor having the structure 
shown in Fig. 18 ; 

Fig. 21 is a graph showing dependency, upon a heat treatment 
temperature, of an exchange anisotropic magnetic field of an 
alloy having a composition of Pt 55 4 Mn 44 6 and an alloy having a 
composition of Pt 54 4 Mn 45 _ 6 ; 

Fig. 22 is a graph showing dependency, upon a Pt 
concentration (composition ratio m) , of an exchange anisotropic 
magnetic field of an alloy having a composition of Pt m Mn 100 _ m ; 

Fig. 23 is a sectional view showing the structure of one 
exemplary spin-valve type magnetoresistive sensor used in 
measurement of data shown in the graphs of Figs. 21 and 22, as 
viewed from the side facing a recording medium; 

Fig. 24 is a sectional view showing the structure of another 
exemplary spin-valve type magnetoresistive sensor used in 
measurement of data shown in the graphs of Figs. 21 and 22, as 
viewed from the side facing a recording medium; 

Fig. 25 is an illustration showing magnetization 
directions of first and second free magnetic layers in the 
spin-valve type magnetoresistive sensor employing the structure 
according to the present invention ; 

Fig. 26 is a graph showing asymmetry in a magnetoresistive 
head employing the conventional structure; and 
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Fig. 2 7 is a graph showing asymmetry in the 
magnetoresistive head employing the structure according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of a spin-valve type 
magnetoresistive sensor of the present invention will be 
described below in detail with reference to the drawings. 
[First Embodiment] 

Fig. 1 is a sectional view showing the structure of a 
spin-valve type magnetoresistive sensor according to a first 
embodiment of the present invention, as viewed from the side 
facing a recording medium. Figs. 5 and 6 are each a perspective 
view showing a magnetoresistive head including the spin-valve 
type magnetoresistive sensor according to the first embodiment. 

Above and below the spin-valve type magnetoresistive 
sensor of the present invention, shielding layers are formed with 
gap layers interposed therebetween. The spin-valve type 
magnetoresistive sensor, the gap layers, and the shielding 
layers cooperatively construct a GMR head hi for reproduction. 

An inductive head h2 for recording may be layered on the 
GMR head hi for reproduction. 

As shown in Fig. 5, the GMR head hi including the spin-valve 
type magnetoresistive sensor is provided on a trailing end face 
151d of a slider 151 along with the inductive head h2 , whereby 
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a ma gnetoresi stive head 150 is constructed. The 
magnetoresistive head is able to detect a magnetic field recorded 
on a magnetic recording medium such as a hard disk. 

In Fig. 1, a Z-direction represents the moving direction 
of a magnetic recording medium, and a Y-direction represents the 
direction of a leakage magnetic field from the magnetic recording 
medium. 

The magnetoresistive head 150 shown in Fig. 5 mainly 
comprises the slider 151, and the GMR head hi and the inductive 
head h2 which are provided on the trailing end face 151d of a 
slider 151. Numeral 155 denotes the leading side of the slider 
151, i.e., the upstream side in the moving direction of the 
magnetic recording medium, and numeral 156 denotes the trailing 
side of the slider 151. Rails 151a, 151a and 15ab are formed 
on a surface 152 of the slider 151 facing the magnetic recording 
medium, and air grooves 151c, 151c are formed between the rails. 

As shown in Fig. 6, the GMR head hi comprises an underlying 
layer 200 made of a non-magnetic insulator, such as A1 2 0 3 , and 
formed on the trailing end face 151d of a slider 151; a lower 
shielding layer 163 made of a magnetic alloy and formed on the 
underlying layer 2 00; a lower gap layer 164 formed on the lower 
shielding layer 163 ; the spin-valve type magnetoresistive sensor 
1 exposed to the outside from the medium facing surface 152; an 
upper gap layer 166 covering both the spin-valve type 
magnetoresistive sensor 1 and the lower gap layer 164; and an 
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upper shielding layer 167 covering the upper gap layer 166. 

The upper shielding layer 167 serves also as a lower core 
layer of the inductive head h2 . 

The inductive head h2 comprises the lower core layer (upper 
shielding layer) 167; a gap layer 174 formed on the lower core 
layer 167; a coil 176; an upper insulating layer 177 covering 
the coil 176; and an upper core layer 178 joined to the gap layer 
174 at one side and to the lower core layer 167 at the other side 
in a central portion of the coil 176. 

The coil 176 is formed in a spiral pattern as viewed from 
above. Also, a base end portion 178b of the upper core layer 
178 is magnetically connected to the lower core layer 167 
substantially in the central portion of the coil 176. 

Further, a protective layer 179 made of alumina or the like 
is formed on the upper core layer 178. 

The spin-valve type magnetoresistive sensor shown in Fig. 
1 is one of the so-called bottom type single-spin -valve 
magnetoresistive sensors wherein an antif erromagnetic layer, a 
pinned magnetic layer, a non-magnetic electrically conductive 
layer, and a free magnetic layer are formed on a substrate one 
by one in this order. 

In the spin-valve type magnetoresistive sensor 1 of this 
embodiment, a magnetization direction of the free magnetic layer 
is uniformly arranged so as to cross a magnetization direction 
of the pinned magnetic layer based on exchange biasing by using 
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an antiferromagnetic material as a bias layer. 

The exchange biasing is more suitable for a spin-valve type 
magnetoresistive sensor having a narrower track width to be 
adapted for a higher recording density in comparison with hard 
biasing wherein it is difficult to precisely control an effective 
track width due to the presence of dead areas . 

In Fig. 1, character K denotes a substrate. An 
antiferromagnetic layer 2 is formed on the substrate K. Further, 
a pinned magnetic layer 3 is formed on the antiferromagnetic 
layer 2, and a non-magnetic electrically conductive layer 4 is 
formed on the pinned magnetic layer 3 . Moreover, a free magnetic 
layer 5 is formed on the non-magnetic electrically conductive 
layer 4 . 

On the free magnetic layer 5 , a pair of soft magnetic layers 
7, 7 are formed while a spacing corresponding to a track width 
Tw is left between the soft magnetic layers 7,7. A pair of bias 
layers 6, 6 are formed respectively on the soft magnetic layers 
7,7, and a pair of electrically conductive layers 8 , 8 are formed 
respectively on the bias layers 6, 6. 

The substrate K is made by successively forming the 
underlying layer 200 made of a non-magnetic insulator, such as 
A1 2 0 3 (alumina) , on a surface of an Al 2 0 3 -TiC based ceramic 151 
or the like, and then the lower shielding layer 163 and the lower 
gap layer 164 on the underlying layer 200 in succession. 

The antiferromagnetic layer 2 is made of an alloy 
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containing at least one or more elements selected from among Pt, 
Pd, Ir, Rh, Ru, Os, Au , Ag, Cr , Ni, Ne , Ar , Xe and Kr , as well 
as Mn. The antif erromagnetic layer 2 made of such an alloy has 
a feature of being superior in heat resistance and corrosion 
resistance . 

In particular , the antif erromagnetic layer 2 is preferably 
made of an alloy having the following composition formula; 

where X is at least one or more elements selected from among 
Pt, Pd, Ir, Rh, Ru and Os , and a composition ratio m satisfies 
4 8 atom % < m < 60 atom %. 

Further, the antif erromagnetic layer 2 may be made of an 
alloy having the following composition formula; 

Pt m Mn 100 _ m _ n D n 

where D is at least one or more elements selected from among 
Pd, Ir, Rh, Ru and Os , and composition ratios m, n satisfy 48 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

Moreover, in the spin-valve type magnetoresistive sensor 
of this embodiment, it is desired that the antif erromagnetic 
layer be made of an alloy having the following composition 
formula ; 

where L is at least one or more elements selected from among 
Au, Ag, Cr, Ni, Ne , Ar , Xe and Kr , and composition ratios q, j 
satisfy 48 atom % < q + j < 60 atom % and 0.2 atom % < j < 10 
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atom % . 

More preferably, the composition ratios q, j satisfy 48 
atom % < q + j < 58 atom % and 0.2 atom % < j < 10 atom %. 

The pinned magnetic layer 3 is formed of, for example, a 
Co film, a NiFe alloy, a CoNiFe alloy, a CoFe alloy, or a CoNi 
alloy. 

The pinned magnetic layer 3 shown in Fig. 1 is formed in 
contact with the antif erromagnetic layer 2, and is magnetized 
under an exchange anisotropic magnetic field due to exchange 
coupling that is produced at the interface between the pinned 
magnetic layer 2 and the antif erromagnetic layer 2 when subj ected 
to heat treatment under a magnetic field. 

The magnetization direction of the pinned magnetic layer 
3 is made stationary in the Y-direction shown in Fig. 1, i.e., 
the direction away from the magnetic recording medium (direction 
of height) . 

The non-magnetic electrically conductive layer 4 is 
preferably formed of a non-magnetic electrically conductive film 
of, e.g., Cu, Au or Ag. 

Also, the free magnetic layer 5 is preferably made of a 
similar material to that of the pinned magnetic layer 3. 

The free magnetic layer 5 is magnetized under a magnetic 
field from the bias layers 6, and the magnetization direction 
of the free magnetic layer 5 is uniformly arranged in a direction 
opposing to the Xl-direction shown in Fig. 1, i.e. , a direction 
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perpendicularly crossing the magnetization direction of the 
pinned magnetic layer 3 . 

Because the free magnetic layer 5 is magnetized into a 
single domain state under the effect of the bias layers 6, the 
occurrence of Barkhausen noise is prevented. 

The soft magnetic layer 7 is made of, for example, Co, Ni , 
Fe, a CoFe alloy, a CoNiFe alloy, a CoNi alloy, or a NiFe alloy. 
Above all, the soft magnetic layer 7 'is preferably formed of the 
same alloy as the material of the free magnetic layer 5. In the 
case where a surface of the free magnetic layer 5 is formed of 
a NiFe alloy, the soft magnetic layer 7 is preferably formed of 
the NiFe alloy. The reason is that, by forming the soft magnetic 
layer 7 of the same material as that of the free magnetic layer 
5, ferromagnetic coupling can be more surely developed at the 
interface between the soft magnetic layer 7 and the free magnetic 
layer 5, whereby a unidirectional and anisotropic exchange- 
coupled magnetic field produced at the interface between the bias 
layer 6 and the soft magnetic layer 7 can be transmitted to the 
free magnetic layer 5 through the soft magnetic layer 7 . 

The bias layer 6 is made of, similarly to the 
antif erromagnetic layer 2, an alloy containing at least one or 
more elements selected from among Pt, Pd, Ir, Rh, Ru, Os, Au, 
Ag, Cr, Ni , Ne , Ar, Xe and Kr, as well as Mn. With heat treatment 
under a magnetic field, an exchange anisotropic magnetic field 
is developed at the interface between the bias layer 6 and the 
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soft magnetic layer 7, the developed exchange anisotropic 
magnetic field being transmitted to the soft magnetic layer 7. 
The free magnetic layer 5 is then magnetized in a certain 
direction due to ferromagnetic coupling produced at the 
interface between the soft magnetic layer 7 and the free magnetic 
layer 5. 

The bias layer 6 made of such an alloy has a feature of 
being superior in heat resistance and corrosion resistance. 

In particular, the bias layer 6 is preferably made of an 
alloy having the following composition formula; 

XJtfn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Ir, Rh, Ru and Os , and a composition ratio m satisfies 
52 atom % < m < 60 atom %. 

Further, the bias layer 6 may be made of an alloy having 
the following composition formula; 

Pt ni Mn 100 _ ni _ n D n 

where D is at least one or more elements selected from among 
Pd, Ir, Rh, Ru and Os , and composition ratios m, n satisfy 52 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

Moreover, in the spin-valve type magnetoresistive sensor 
of this embodiment, the bias layer may be made of an alloy having 
the following composition formula; 

PtgMn^.^Lj 

where L is at least one or more elements selected from among 
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Au, Ag, Cr, Ni , Ne , Ar , Xe and Kr , and composition ratios q, j 
satisfy 52 atom % < q + j < 60 atom % and 0.2 atom % < j < 10 
atom % . 

The electrically conductive layers 8 , 8 are preferably made 
of, for example, Au , W, Cr or Ta. 

In the spin-valve type magnetoresistive sensor 1 shown in 
Fig. 1, a steady electric current is applied from the 
electrically conductive layers 8 , 8 to the free magnetic layer 
5, the non-magnetic electrically conductive layer 4 and the 
pinned magnetic layer 3. When a leakage magnetic field from the 
magnetic recording medium traveling in the Z-direction is 
applied in the Y-direction in the above condition, the 
magnetization direction of the free magnetic layer 5 is varied 
from the direction opposing to the Xl-direction toward the 
Y-direction. Electrical resistance is changed depending on the 
relationship between a variation of the magnetization direction 
in the free magnetic layer 5 and the stationary magnetization 
direction of the pinned magnetic layer 3. The leakage magnetic 
field from the magnetic recording medium can be detected in 
accordance with a voltage change caused by such a change in 
electrical resistance. 

A method of manufacturing the spin-valve type 
magnetoresistive sensor 1 of this embodiment according to the 
present invention will be described below. 

The manufacturing method is carried out by utilizing such 
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a property that the magnitude of an exchange anisotropic magnetic 
field developed upon heat treatment between the 
antiferromagnetic layer 2 and the bias layers 6, 6 depends on 
positions of the antiferromagnetic layer 2 and the bias layers 
6 , 6 in the spin-valve type magnetoresistive sensor 1. The 
magnetization direction of the pinned magnetic layer 3 is made 
stationary by first heat treatment, and the magnetization 
direction of the free magnetic layer 5 is uniformly arranged in 
a direction crossing the magnetization direction of the pinned 
magnetic layer 3 by second heat treatment. 

More specifically, according to the method of 
manufacturing the spin-valve type magnetoresistive sensor 1 of 
this embodiment, the antiferromagnetic layer 2, the pinned 
magnetic layer 3 , the non-magnetic electrically conductive layer 
4 and the free magnetic layer 5 are successively formed on the 
substrate K one above another, thereby forming a first laminate 
al shown in Fig. 2. Then, the first laminate al is subjected 
to heat treatment at a first heat treatment temperature while 
applying a first magnetic field in a direction perpendicular to 
the direction of the track width Tw (i.e., in a direction vertical 
to the drawing sheet of Fig. 2) . An exchange anisotropic 
magnetic field is thereby generated in the antiferromagnetic 
layer 2 to make the magnetization direction of the pinned 
magnetic layer 3 stationary. 

Next, as shown in Fig. 3, a lift-off resist 351 having a 
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base end portion with a width corresponding to the track width 
Tw is formed. A surface area of the free magnetic layer 5, which 
is not covered by the lift-off resist 351 serving as a mask, is 
cleaned by ion milling or reverse sputtering with rare gas, such 
as Ar . 

Then, as shown in Fig. 4, the soft magnetic layers 7, 7 
are formed on the exposed surface of the free magnetic layer 5 
and the lift-off resist 351 while a spacing corresponding to the 
track width Tw is left between the soft magnetic layers 7, 7. 
Subseguently , the bias layers 6, 6 are formed respectively on 
the soft magnetic layers 7, 7, and the electrically conductive 
layers 8, 8 are formed respectively on the bias layers 6, 6. 
Thereafter, by removing the lift-off resist 351 by etching, a 
second laminate a2 having the same configuration as the 
spin-valve type magnetoresis tive sensor 1 shown in Fig. 1 is 
obtained . 

The second laminate a2 thus obtained is subjected to heat 
treatment at a second heat treatment temperature while a second 
magnetic field smaller than the exchange anisotropic magnetic 
field in the antif erromagnetic layer 2 is applied in the 
direction of the track width Tw. This heat treatment imparts, 
to the free magnetic layer 5 , a bias magnetic field in a direction 
crossing the magnetization direction of the pinned magnetic 
layer 3, whereby the spin-valve type magnetoresis tive sensor 1 
is obtained. 
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Next, the relationship between a heat treatment 
temperature and an exchange anisotropic magnetic field of an 
antiferromagnetic layer will be described in detail with 
reference to Figs. 21, 22 and 23. 

Marks ■ shown in Fig. 21 represents dependency, on the heat 
treatment temperature, of the exchange anisotropic magnetic 
field in a bottom type single-spin-valve magnetoresistive sensor 
wherein an antiferromagnetic layer is disposed between a 
substrate and a free magnetic layer. Marks ♦ shown in Fig. 21 
represents dependency, on the heat treatment temperature, of the 
exchange anisotropic magnetic field in a top type single- 
spin-valve magnetoresistive sensor wherein an antiferromagnetic 
layer is disposed in a position farther away from a substrate 
than a free magnetic layer. 

In other words, the antiferromagnetic layer of the top type 
single-spin-valve magnetoresistive sensor represented by marks 
♦ is disposed in a position farther away from the substrate than 
the antiferromagnetic layer of the bottom type single-spin-valve 
magnetoresistive sensor represented by marks ■. 

Concretely, in the top type single-spin-valve 
magnetoresistive sensor represented by marks ♦ shown in Fig. 
21, an underlying insulating layer 200 made of A1 2 0 3 (thickness 
1000 A) , an underlying layer 210 made of Ta (thickness 50 A) , 
a two-layered free magnetic layer 5 comprising a NiFe alloy 
(thickness 70 A) and a Co layer (thickness 10 A) , a non-magnetic 
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electrically conductive layer 4 made of Cu (thickness 30 A), a 
pinned magnetic layer 3 made of Co (thickness 25 A) , an 
antiferromagnetic layer 2 made of Pt 5S 4 Mn 44 6 (thickness 300 A) , 
and a protective layer 220 made of Ta (thickness 50 A) are 
successively formed on a substrate K made of Si in the order named, 
as shown in Fig. 24. 

Also, in the bottom type single-spin-valve 
magnetoresistive sensor represented by marks ■ shown in Fig. 
21, an underlying insulating layer 200 made of A1 2 0 3 (thickness 
1000 A) , an underlying layer 210 made of Ta (thickness 30 A) , 
an antiferromagnetic layer 2 made of Pt 54 4 Mn 4S 6 (thickness 300 
A) , a pinned magnetic layer 3 made of Co (thickness 25 A) , a 
non-magnetic electrically conductive layer 4 made of Cu 
(thickness 26 A) , a two-layered free magnetic layer 5 comprising 
a Co layer (thickness 10 A) and a NiFe alloy (thickness 70 A) , 
and a protective layer 220 made of Ta (thickness 50 A) are 
successively formed on a substrate Kmade of Si in the order named, 
as shown in Fig. 23. 

Thus, in the top type spin-valve magnetoresistive sensor 
represented by marks ♦ , the antiferromagnetic layer 2 is disposed 
on the pinned magnetic layer 3, and the free magnetic layer 5, 
the non-magnetic electrically conductive layer 4 and the pinned 
magnetic layer 3 are formed between the Si substrate K and the 
antiferromagnetic layer 2 in sandwiched fashion. 

In the bottom type spin-valve magnetoresistive sensor 
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represented by marks ■ , the antif erromagnetic layer 2 is disposed 
under the pinned magnetic layer 3, and the pinned magnetic layer 
3 , the non-magnetic electrically conductive layer 4 and the free 
magnetic layer 5 are not formed between the Si substrate K and 
the antif erromagnetic layer 2 in this structure. 

As shown in Fig. 21, the exchange anisotropic magnetic 
field of the antif erromagnetic layer (Pt 55 4 Mn 44 6 ) represented by 
marks ■ starts to rise when the heat treatment temperature 
exceeds 220°C, reaches about 700 (Oe) beyond 240°C, and then 
becomes almost constant thereafter. Also, the exchange 
anisotropic magnetic field of the antif erromagnetic layer 
(Pt S44 Mn 45 s ) represented by marks ♦ starts to rise when the heat 
treatment temperature exceeds 240°C, reaches over 600 (Oe) beyond 
260°C, and then becomes constant thereafter. 

It is hence understood that the antif erromagnetic layer 
(marks ■) disposed in a position closer to the substrate exhibits 
a greater exchange anisotropic magnetic field at a relatively 
low heat treatment temperature than the antif erromagnetic layer 
(marks ♦) disposed in a position farther away from the substrate. 

The method of manufacturing the spin-valve type 
magnetoresistive sensor 1 of this embodiment utilizes the 
above-described property of an antif erromagnetic layer. 

Thus, the spin-valve type magnetoresistive sensor 1 of this 
embodiment is constructed as a bottom type spin-valve 
magnetoresistive sensor wherein the distance between the 
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antiferromagnetic layer 2 and the substrate K is shorter (namely, 
the antiferromagnetic layer 2 is disposed under the pinned 
magnetic layer 3) , and the bias layer 6 formed of the same material 
as the alloy used for the antiferromagnetic layer 2 is disposed 
in a position farther from the substrate K than the 
antiferromagnetic layer 2. 

Accordingly, by carrying out heat treatment on the first 
laminate al at the first heat treatment temperature (220 - 270°C) 
while applying the first magnetic field, an exchange anisotropic 
magnetic field is generated in the antiferromagnetic layer 2 and 
the magnetization direction of the pinned magnetic layer 3 is 
made stationary. Also, the exchange anisotropic magnetic field 
of the antiferromagnetic layer 2 exceeds 600 Oe (48000 A/m) . 

Then, by carrying out heat treatment on the second laminate 
a2 at the second heat treatment temperature (250 - 270°C) while 
applying the second magnetic field in a direction crossing the 
first magnetic field, the magnetization direction of the free 
magnetic layer 5 is uniformly arranged in the direction crossing 
the first magnetic field. Also, the exchange anisotropic 
magnetic field of the bias layer 6 exceeds 600 Oe (48000 A/m) . 

In the above process, by setting the second magnetic field 
to be smaller than the exchange anisotropic magnetic field of 
the antiferromagnetic layer 2 that has been generated by the 
preceding first heat treatment, the exchange anisotropic 
magnetic field of the antiferromagnetic layer 2 is not 
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deteriorated even with application of the second magnetic field 
to the antiferromagnetic layer 2. The magnetization direction 
of the pinned magnetic layer 3 can be thereby maintained 
stationary . 

As a result, the magnetization direction of the pinned 
magnetic layer 3 and the magnetization direction of the free 
magnetic layer 5 can be held in crossing relation. 

The first heat treatment temperature is preferably set to 
fall in the range of 220°C - 270°C. If the first heat treatment 
temperature is lower than 220°C, such an undesired result would 
occur that the exchange anisotropic magnetic field of the 
antiferromagnetic layer 2 is not higher than 200 (Oe) , the 
magnetization of the pinned magnetic layer 3 cannot be increased 
up to a high level and the magnetization direction of the pinned 
magnetic layer 3 is changed to the same as that of the free 
magnetic layer 5 by the second heat treatment . On the other hand, 
if the first heat treatment temperature is higher than 270°C, 
such an undesired result would occur that the magnetoresistive 
effect is deteriorated due to, for example, thermal diffusion 
of atoms at the layer interfaces, especially, at the interface 
between the Cu layer of the non-magnetic electrically conductive 
layer 4 and the free magnetic layer 5 or the interface between 
the Cu layer and the pinned magnetic layer 3. 

Further, the first heat treatment temperature is more 
preferably set to fall in the range of 230°C - 270°C because the 
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exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 can reach over 400 Oe (32000 A/m) and the magnetization 
of the pinned magnetic layer 3 can be increased up to a high level . 

The second heat treatment temperature is preferably set 
to fall in the range of 250°C - 270°C . If the second heat treatment 
temperature is lower than 250°C, such an undesired result would 
occur that the exchange anisotropic magnetic field of the bias 
layer 6 cannot be increased up over 400 Oe (32000 A/m) and a 
longitudinal magnetic field imparted to the free magnetic layer 
5 cannot be increased up to a high level. On the other hand, 
if the second heat treatment temperature is higher than 2 7 0°C, 
such an undesired result would occur that the exchange 
anisotropic magnetic field of the bias layer 6 is no more 
increased and held almost constant, and the magnetoresistive 
effect is deteriorated due to, for example, thermal diffusion 
of atoms at the layer interfaces . 

The first magnetic field is preferably set to be not lower 
than 10 Oe (800 A/m) . If the first magnetic field is lower than 
about 10 Oe (800 A/m) , such an undesired result would occur that 
the exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 cannot be developed at a satisfactory level. 

Further, the second magnetic field is set to be lower than 
the exchange-coupled magnetic field of the antif erromagnetic 
layer 2 that has been generated by the first heat treatment, and 
is preferably set to fall in the range of about 10 - 600 Oe (800 
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- 48000 A/m) , more preferably set to about 200 Oe (1600 A/m) . 
If the second magnetic field is smaller than 10 Oe (800 A/m) , 
such an undesired result would occur that the exchange 
anisotropic magnetic field of the bias layer 6 cannot be 
developed at a satisfactory level. On the other hand, if the 
second magnetic field is higher than 600 Oe (4800 A/m) , such an 
undesired result would occur that the exchange-coupled magnetic 
field of the antif erromagnetic layer 2 that has been generated 
by the first heat treatment may be deteriorated. 

Relationships between a composition and an exchange 
anisotropic magnetic field of an antif erromagnetic layer, 
resulting when the heat treatment temperature is 245°C or 270°C, 
will now be described in detail with reference to Fig. 22. 

Marks A in Fig. 22 represent the relationship between a 
composition and an exchange anisotropic magnetic field of an 
antif erromagnetic layer in a top type single-spin-valve 
magnetoresistive sensor wherein the antif erromagnetic layer is 
disposed in a position farther from a substrate than a free 
magnetic layer (namely, the antif erromagnetic layer is disposed 
on a pinned magnetic layer) . A curve indicated by marks A 
corresponds to the case of carrying out heat treatment at 27 0°C. 

Marks O and marks • in Fig. 22 each represent the 
relationships between a composition and an exchange anisotropic 
magnetic field of an antif erromagnetic layer in a bottom type 
single-spin-valve magnetoresistive sensor wherein the 
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antif erromagnetic layer is disposed between a substrate and a 
free magnetic layer (namely, the antif erromagnetic layer is 
disposed under a pinned magnetic layer) . Curves indicated by 
marks O and • correspond to the cases of carrying out heat 
treatment at 27 0°C and 245°C, respectively. 

Concretely, in the top type single-spin-valve 
magnetoresistive sensor represented by marks A, an underlying 
insulating layer 200 made of A1 2 0 3 (thickness 1000 A) , an 
underlying layer 210 made of Ta (thickness 50 A) , a two-layered 
free magnetic layer 5 comprising a NiFe alloy (thickness 7 0 A) 
and a Co layer (thickness 10 A) , a non-magnetic electrically 
conductive layer 4 made of Cu (thickness 30 A) , a pinned magnetic 
layer 3 made of Co (thickness 25 A) , an antif erromagnetic layer 
2 made of Pt m Mn t (thickness 3 00 A) , and a protective layer 220 
made of Ta (thickness 50 A) are successively formed on a Si 
substrate K in the order named, as shown in Fig. 24. 

On the other hand, in the bottom type single-spin-valve 
magnetoresistive sensor represented by marks O and •, an 
underlying insulating layer 200 made of A1 2 0 3 (thickness 1000 
A) , an underlying layer 210 made of Ta (thickness 30 A) , an 
antiferromagnetic layer 2 made of Pt m Mn 100 _ m (thickness 300 A) , 
a pinned magnetic layer 3 made of Co (thickness 25 A) , a 
non-magnetic electrically conductive layer 4 made of Cu 
(thickness 26 A) , a two-layered free magnetic layer 5 comprising 
a Co layer (thickness 10 A) and a NiFe alloy (thickness 70 A) , 
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and a protective layer 220 made of Ta (thickness 50 A) are 
successively formed on a Si substrate K in the order named, as 
shown in Fig. 23. 

The method of manufacturing the spin-valve type 
magnetoresistive sensor 1 of this embodiment utilizes the 
properties of both the bottom type spin-valve magnetoresistive 
sensor and the top type spin-valve magnetoresistive sensor shown 
in Fig. 22. 

More specifically, in the spin-valve type magnetoresistive 
sensor 1 of this embodiment constructed as a bottom type 
spin-valve magnetoresistive sensor, the composition range of an 
alloy used in the antif erromagnetic layer 2 is preferably set 
similarly to that in the antif erromagnetic layer of the bottom 
type spin-valve magnetoresistive sensor shown in Fig. 23, and 
the composition range of an alloy used in the bias layer 6 is 
preferably set similarly to that in the antif erromagnetic layer 
of the top type spin-valve magnetoresistive sensor shown in Fig. 
24 . 

Also, as is apparent from Fig. 22, when the 
antiferromagnetic layer of the bottom type spin-valve 
magnetoresistive sensor, i.e. , the antiferromagnetic layer 2 in 
this embodiment, is made of an alloy X m Mn 100 _ m (where X is at least 
one or more elements selected from among Pt , Pd, Ir, Rh , Ru and 
Os) , a composition ratio m preferably satisfies 48 atom % < m 
< 60 atom %. 
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If m is less than 4 8 atom % or more than 60 atom %, such 
an undesired result would occur that crystal lattices of XJMn 100 _ m 
become hard to regularly align into L10 type superlattices and 
do not exhibit antif erromagnetic characteristics, i.e., a 
unidirectional exchange-coupled magnetic field (exchange 
anisotropic magnetic field) , even with the second heat treatment 
carried out at the heat treatment temperature of 27 0°C. 

A more preferable range of the composition ratio m is 48 
atom % < m < 58 atom %. 

If m is less than 48 atom % or more than 58 atom %, such 
an undesired result would occur that crystal lattices of X m Mn 100 _ m 
become hard to regularly align into L10 type superlattices and 
do not exhibit antif erromagnetic characteristics, i.e., a 
unidirectional exchange-coupled magnetic field, even with the 
first heat treatment carried out at the heat treatment 
temperature of 245°C. 

A still more preferable range of the composition ratio m 
is 49.8 atom % < m < 58 atom %. In this range, an exchange 
anisotropic magnetic field not lower than 400 Oe (32000 A/m) is 
obtained after the second heat treatment has been carried out 
at the heat treatment temperature of 2 7 0°C. 

When the antif erromagnetic layer of the bottom type 
spin-valve magnetoresistive sensor, i.e. , the antif erromagnetic 
layer 2 in this embodiment, is made of an alloy PtJMn 100 _ m _ n D n (where 
D is at least one or more elements selected from among Pd, Ir, 
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Rh, Ru and Os) , composition ratios m, n preferably satisfy 48 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

If the sum of the composition ratios m + n is less than 
48 atom % or more than 60 atom %, such an undesired result would 
occur that crystal lattices of Ptjy[n 100 _ m _ n D n become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 270°C. 

Also, if the composition ratio n is less than 0.2 atom % , 
such an undesired result would occur that the effect of promoting 
regular array of crystal lattices of the antif erromagnetic layer 
2, i.e., the effect of increasing the exchange anisotropic 
magnetic field, is suppressed. Conversely, if the composition 
ratio n is more than 40 atom %, such an undesired result would 
occur that the exchange anisotropic magnetic field is reduced. 

A more preferable range of the sum of the composition ratios 
m + n is 4 8 atom %<m+n<58 atom %. 

If the sum of the composition ratios m + n is less than 
48 atom % or more than 58 atom %, such an undesired result would 
occur that crystal lattices of Pt m Mn 100 _ m _ n D n become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the first heat 
treatment carried out at the heat treatment temperature of 245°C. 
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Still more preferably, the composition ratios m, n satisfy 
49.8 atom % < m + n < 58 atom % and 0.2 atom % < n < 40 atom %. 
In these ranges , an exchange anisotropic magnetic field not lower 
than 400 Oe (32000 A/m) is obtained. 

When the antif erromagnetic layer of the bottom type 
spin-valve magnetoresistive sensor , i.e., the antif erromagnetic 
layer 2 in this embodiment, is made of an alloy Pt^n^.^!^ (where 
L is at least one or more elements selected from among Au , Ag, 
Cr, Ni, Ne, Ar , Xe and Kr) , composition ratios q, j preferably 
satisfy 48 atom % < q + j < 60 atom % and 0.2 atom % < j < 10 
atom % . 

If the sum of the composition ratios q + j is less than 
48 atom % or more than 60 atom %, such an undesired result would 
occur that crystal lattices of Pt q Mn 100 _ q _ j L j become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 270°C. 

Also, if the composition ratio j is less than 0.2 atom %, 
such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element L is not sufficiently developed. If j 
is more than 10 atom %, such an undesired result would occur that 
the unidirectional exchange- coupled magnetic field is reduced. 

A more preferable range of the sum of the composition ratios 



- 65 - 



q + j is 48 atom % < q + j < 58 atom %. 

If the sum of the composition ratios q + j is less than 
48 atom % or more than 58 atom %, such an undesired result would 
occur that crystal lattices of PtqMn^^Lj become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the first heat 
treatment carried out at the heat treatment temperature of 245°C. 

Still more preferably, the composition ratios q, j satisfy 
49.8 atom % < q + j < 58 atom % and 0.2 atom % < j < 10 atom %. 
In these ranges , an exchange anisotropic magnetic field not lower 
than 400 Oe (32000 A/m) is obtained. 

Further, as is apparent from Fig. 22, when the 
antif erromagnetic layer of the top type spin-valve 
magnetoresistive sensor, i.e., the bias layer 6 in this 
embodiment, is made of an alloy Xjyin 100 _ m (where X is at least one 
or more elements selected from among Pt , Pd, Ir, Rh, Ru and Os) , 
a composition ratio m preferably satisfies 52 atom % < m < 60 
atom % . 

If the composition ratio m is less than 52 atom % or more 
than 60 atom %, such an undesired result would occur that crystal 
lattices of X/in^,,^ become hard to regularly align into L10 type 
superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the second heat treatment carried out 
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at the heat treatment temperature of 27 0°C. 

A more preferable range of the composition ratio mis 52.8 
atom % < m < 59.2 atom % . In this range , an exchange anisotropic 
magnetic field, i.e. , a bias magnetic field, not lower than 200 
Oe (16000 A/m) is obtained. 

When the antif erromagnetic layer of the top type spin- 
valve magnetoresistive sensor, i.e., the bias layer 6 in this 
embodiment, is made of an alloy Pt m Mn 100 _ m _ n D n (where D is at least 
one or more elements selected from among Pd, Rh, Ru , Ir and Os) , 
composition ratios m, n preferably satisfy 52 atom % < m + n < 
60 atom % and 0.2 atom % < n < 40 atom %. 

If the sum of the composition ratios m + n is less than 
52 atom % or more than 6 0 atom %, such an undesired result would 
occur that crystal lattices of Pt m Mn 100 _ m _ n D n become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 270°C. 

Also, if the composition ratio n is less than 0.2 atom %, 
such an undesired result would occur that the effect of promoting 
regular array of crystal lattices of the antif erromagnetic layer, 
i.e., the effect of increasing the exchange anisotropic magnetic 
field, is suppressed. Conversely, if the composition ratio n 
is more than 40 atom %, such an undesired result would occur that 
the exchange anisotropic magnetic field is reduced. 
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More preferably, the composition ratios m, n satisfy 52.8 
atom %<m+n<59.2 atom % and 0.2 atom % < n < 40 atom %. In 
these ranges, an exchange anisotropic magnetic field not lower 
than 200 Oe (16000 A/m) is obtained. 

When the antif erromagnetic layer of the top type spin- 
valve magnetoresistive sensor, i.e., the bias layer 6 in this 
embodiment, is made of an alloy PtqMn 100 _ q _ :i L.j (where L is at least 
one or more elements selected from among Au, Ag, Cr , Ni , Ne , Ar, 
Xe and Kr) , composition ratios q, j preferably satisfy 52 atom % 
< q + j < 6 0 atom % and 0.2 atom % < j < 10 atom %. 

If the sum of the composition ratios q + j is less than 
52 atom % or more than 60 atom %, such an undesired result would 
occur that crystal lattices of Pt^n^.^]^ become hard to 
regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 2 7 0°C . 

Also, if the composition ratio j is less than 0.2 atom %, 
such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element L is not sufficiently developed. If j 
is more than 10 atom %, such an undesired result would occur that 
the unidirectional exchange- coupled magnetic field is reduced. 

More preferably, the composition ratios q, j satisfy 52.8 
atom % < q + j < 59 . 2 atom % and 0.2 atom % < j < 10 atom %. In 
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these ranges, an exchange anisotropic magnetic field not lower 
than 200 Oe (32000 A/m) is obtained. 

Moreover, as is apparent from Fig. 22, when the 
antiferromagnetic layer of the bottom type spin-valve 
magnetoresistive sensor, i.e. , the antiferromagnetic layer 2 in 
this embodiment, and the antiferromagnetic layer of the top type 
spin-valve magnetoresistive sensor, i.e., the bias layer 6 in 
this embodiment, are each made of an alloy X m Mn 100 _ m (where X is 
at least one or more elements selected from among Pt, Pd, Ir, 
Rh, Ru and Os) , a composition ratio m preferably satisfies 52 
atom % < m < 58 atom % for each of the antiferromagnetic layer 
2 and the bias layer 6 . 

If the composition ratio m is less than 52 atom %, such 
an undesired result would occur that crystal lattices of XJAn 100 _ m 
making up the bias layer 6 become hard to regularly align into 
L10 type superlattices and do not exhibit antiferromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the second heat treatment carried out 
at the heat treatment temperature of 2 7 0°C. 

If the composition ratio m is more than 58 atom %, such 
an undesired result would occur that crystal lattices of X rtl Mn 100 _ m 
making up the antiferromagnetic layer 2 become hard to regularly 
align into L10 type superlattices and do not exhibit 
antiferromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the first heat 
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treatment carried out at the heat treatment temperature of 245°C. 
In other words, when subjected to the second heat treatment at 
the heat treatment temperature of 27 0°C, the pinned magnetic 
layer 3 would be magnetized in the same magnetization direction 
as the bias layer 6, or the magnetization direction of the pinned 
magnetic layer 3 would not cross the magnetization direction of 
the bias layer 6 in orthogonal relation, whereby symmetry of a 
reproduced output waveform is lost. 

When the antif erromagnetic layer 2 and the bias layer 6 
are each made of an alloy X m Mn 100 _ m , the composition ratio m more 
preferably satisfies 52 atom % < m < 56.3 atom % for each of the 
antif erromagnetic layer 2 and the bias layer 6. 

If the composition ratio m is less than 52 atom %, such 
an undesired result would occur that crystal lattices of X m Mn 100 _ m 
making up the bias layer 6 become hard to regularly align into 
L10 type superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the second heat treatment carried out 
at the heat treatment temperature of 27 0°C. 

If the composition ratio m is more than 56.3 atom %, such 
an undesired result would occur that the exchange anisotropic 
magnetic field generated by the bias layer 6 is greater than the 
exchange anisotropic magnetic field generated by the 
antif erromagnetic layer 2, and an external magnetic field 
greater than the exchange anisotropic magnetic field generated 
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by the antif erromagnetic layer 2 is applied to the bias layer 
6 during the second heat treatment carried out at the heat 
treatment temperature of 2 7 0°C. In other words, when subjected 
to the second heat treatment at the heat treatment temperature 
of 270°C, the magnetization direction of the pinned magnetic 
layer 3 would be changed to the same as that of the bias layer 
6, or it would be difficult to uniformly arrange the 
magnetization direction of the pinned magnetic layer 3 in 
orthogonal relation to the magnetization direction of the free 
magnetic layer 5 with the second heat treatment. 

By setting the composition ratio m to satisfy 52 atom % 
< m < 56.3 atom % for each of the antif erromagnetic layer 2 and 
the bias layer 6, therefore, an exchange anisotropic magnetic 
field is generated in the antif erromagnetic layer 2 by the first 
heat treatment, and the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 is greater than the exchange 
anisotropic magnetic field of the bias layer 6 generated after 
the second heat treatment. Accordingly, such a desired result 
is obtained that the magnetization direction of the pinned 
magnetic layer 3 remains not changed and held stationary, whereas 
the magnetization direction of the free magnetic layer 5 is 
allowed to smoothly change, when a signal magnetic field is 
applied from the magnetic recording medium. 

When the antif erromagnetic layer 2 and the bias layer 6 
are each made of an alloy Pt nt Mn 100 _ m _ Il D n (where D is at least one 
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or more elements selected from among Pd, Ir, Rh , Ru and Os) , 
composition ratios m, n preferably satisfy 52 atom % < m + n < 
58 atom % and 0.2 atom % < n < 4 0 atom %. 

If the sum of the composition ratios m + n is less than 
52 atom %, such an undesired result would occur that crystal 
lattices of Pt m Mn 100 _ m _ n D n making up the bias layer 6 become hard 
to regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 2 7 0°C. 

If m + n is more than 58 atom %, such an undesired result 
would occur that crystal lattices of Pt m Mn 100 _ m _ n D n making up the 
antif erromagnetic layer 2 become hard to regularly align into 
L10 type superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the first heat treatment carried out 
at the heat treatment temperature of 245°C. In other words, when 
subjected to the second heat treatment at the heat treatment 
temperature of 2 7 0°C, the pinned magnetic layer 3 would be 
magnetized in the same magnetization direction as the bias layer 
6, or the magnetization direction of the pinned magnetic layer 
3 would not cross the magnetization direction of the bias layer 
6 in orthogonal relation, whereby symmetry of a reproduced output 
waveform is lost. 

Also, if the composition ratio n is less than 0.2 atom %, 
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such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element D is not sufficiently developed. If n 
is more than 40 atom %, such an undesired result would occur that 
the unidirectional exchange- coupled magnetic field is reduced. 

When the antif erromagnetic layer 2 and the bias layer 6 
are each made of an alloy Pt m Mn 100 _ m _ n D n , the composition ratios 
m, n more preferably satisfy 52 atom %<m+n<56.3 atom % and 
0.2 atom % < n < 40 atom %. 

If the sum of the composition ratios m + n is less than 
52 atom %, such an undesired result would occur that crystal 
lattices of Pt m Mn 100 _ m _ n D n making up the bias layer 6 become hard 
to regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 27 0°C. 

If the composition ratio m + n is more than 56.3 atom %, 
such an undesired result would occur that the exchange 
anisotropic magnetic field generated by the bias layer 6 is 
greater than the exchange anisotropic magnetic field generated 
by the antif erromagnetic layer 2, and an external magnetic field 
greater than the exchange anisotropic magnetic field generated 
by the antif erromagnetic layer 2 is applied to the bias layer 
6 during the second heat treatment carried out at the heat 
treatment temperature of 270°C. In other words, when subjected 
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to the second heat treatment at the heat treatment temperature 
of 270°C, the magnetization direction of the pinned magnetic 
layer 3 would be changed to the same as that of the bias layer 
6, or it would be difficult to uniformly arrange the 
magnetization direction of the pinned magnetic layer 3 in 
orthogonal relation to the magnetization direction of the free 
magnetic layer 5 with the second heat treatment. 

Also, if the composition ratio n is less than 0.2 atom %, 
such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element D is not sufficiently developed. If n 
is more than 40 atom %, such an undesired result would occur that 
the unidirectional exchange-coupled magnetic field is reduced. 

By setting the composition ratios m + n to satisfy 52 atom % 
< m + n < 56.3 atom % and 0.2 atom % < n < 40 atom % for each 
of the antif erromagnetic layer 2 and the bias layer 6, therefore, 
an exchange anisotropic magnetic field is generated in the 
antif erromagnetic layer 2 by the first heat treatment, and the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 is greater than the exchange anisotropic magnetic field 
of the bias layer 6 generated after the second heat treatment. 
Accordingly, such a desired result is obtained that the 
magnetization direction of the pinned magnetic layer 3 remains 
not changed and held stationary, whereas the magnetization 
direction of the free magnetic layer 5 is allowed to smoothly 
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change, when a signal magnetic field is applied from the magnetic 
recording medium. 

When the antif erromagnetic layer 2 and the bias layer 6 
are each made of an alloy Pt < ^4n 100 _ q _ j L :) (where L is at least one 
or more elements selected from among Au , Ag, Cr, Ni , Ne , Ar , Xe 
and Kr) , composition ratios g, j preferably satisfy 52 atom % 
< q + j < 58 atom % and 0.2 atom % < j < 10 atom %. 

If the sum of the composition ratios q + j is less than 
52 atom %, such an undesired result would occur that crystal 
lattices of Pt q Mn 100 _ q _ ;j L ;i making up the bias layer 6 become hard 
to regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 270°C. 

If g + j is more than 58 atom %, such an undesired result 
would occur that crystal lattices of Pt q Mn 100 _ q _ j L j making up the 
antif erromagnetic layer 2 become hard to regularly align into 
L10 type superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the first heat treatment carried out 
at the heat treatment temperature of 245°C. In other words, when 
subjected to the second heat treatment at the heat treatment 
temperature of 270°C, the pinned magnetic layer 3 would be 
magnetized in the same magnetization direction as the bias layer 
6, or the magnetization direction of the pinned magnetic layer 
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3 would not cross the magnetization direction of the bias layer 
6 in orthogonal relation, whereby symmetry of a reproduced output 
waveform is lost. 

Also, if the composition ratio j is less than 0.2 atom %, 
such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element L is not sufficiently developed. If j 
is more than 10 atom %, such an undesired result would occur that 
the unidirectional exchange-coupled magnetic field is reduced. 

When the antif erromagnetic layer 2 and the bias layer 6 
are each made of an alloy Pt q Mn 100 _ q _ j L 3 , the composition ratios 
q, j more preferably satisfy 52 atom %<q+j<56.3 atom % and 
0.2 atom % < j < 10 atom %. 

If the sum of the composition ratios q + j is less than 
52 atom %, such an undesired result would occur that crystal 
lattices of Pt^.n 100 _ Ci _ i ~L j making up the bias layer 6 become hard 
to regularly align into L10 type superlattices and do not exhibit 
antif erromagnetic characteristics, i.e., a unidirectional 
exchange-coupled magnetic field, even with the second heat 
treatment carried out at the heat treatment temperature of 2 7 0°C. 

If the composition ratio q + j is more than 56.3 atom %, 
such an undesired result would occur that the exchange 
anisotropic magnetic field generated by the bias layer 6 is 
greater than the exchange anisotropic magnetic field generated 
by the antif erromagnetic layer 2, and an external magnetic field 
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greater than the exchange anisotropic magnetic field generated 
by the antif erromagnetic layer 2 is applied to the bias layer 
6 during the second heat treatment carried out at the heat 
treatment temperature of 27 0°C. In other words, when subjected 
to the second heat treatment at the heat treatment temperature 
of 270°C, the magnetization direction of the pinned magnetic 
layer 3 would be changed to the same as that of the free magnetic 
layer 5, or it would be difficult to uniformly arrange the 
magnetization direction of the pinned magnetic layer 3 in 
orthogonal relation to the magnetization direction of the free 
magnetic layer 5 with the second heat treatment. 

Also, if the composition ratio j is less than 0.2 atom %, 
such an undesired result would occur that the effect of improving 
the unidirectional exchange-coupled magnetic field with 
addition of the element L is not sufficiently developed. If j 
is more than 10 atom %, such an undesired result would occur that 
the unidirectional exchange-coupled magnetic field is reduced. 

By setting the composition ratios g + j to satisfy 52 atom % 
< q + j < 56.3 atom % and 0.2 atom % < j < 10 atom % for each 
of the antif erromagnetic layer 2 and the bias layer 6, therefore, 
an exchange anisotropic magnetic field is generated in the 
antif erromagnetic layer 2 by the first heat treatment, and the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 is greater than the exchange anisotropic magnetic field 
of the bias layer 6 generated after the second heat treatment. 
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Accordingly, such a desired result is obtained that the 
magnetization direction of the pinned magnetic layer 3 remains 
not changed and held stationary, whereas the magnetization 
direction of the free magnetic layer 5 is allowed to smoothly 
change, when a signal magnetic field is applied from the magnetic 
recording medium. 

As an alternative, the antif erromagnetic layer of the 
bottom type spin-valve raagnetoresistive sensor, i.e., the 
antif erromagnetic layer 2 in this embodiment, may have a 
composition different from that of the antif erromagnetic layer 
of the top type spin-valve magnetoresistive sensor, i.e., the 
bias layer 6 in this embodiment, so that the antif erromagnetic 
layer 2 has a higher Mn concentration, for example, than that 
of the bias layer 6. This makes it possible to provide a more 
significant difference between the exchange anisotropic 
magnetic fields of the antif erromagnetic layer 2 and the bias 
layer 6 after the second heat treatment, and to more surely make 
the magnetization direction of the free magnetic layer 5 cross 
the magnetization direction of the pinned magnetic layer 3 in 
orthogonal relation after the second heat treatment. 

Also, by providing a more significant difference between 
the exchange anisotropic magnetic fields of the 
antif erromagnetic layer 2 and the bias layer 6, which are made 
different in Mn concentration from each other, after the second 
heat treatment, the magnetization direction of the pinned 
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magnetic layer 3 remains not changed and held stationary with 
higher certainty, whereas the magnetization direction of the 
free magnetic layer 5 is allowed to more smoothly change, when 
a signal magnetic field is applied from the magnetic recording 
medium. 

More specifically, it is more preferable that the bias 
layer 62 be made of an alloy X m Mn 100 _ m (where X is at least one 
or more elements selected from among Pt , Pd, Ir, Rh , Ru and Os 
and a composition ratio m satisfies 52 atom % < m < 60 atom %) , 
and the antif erromagnetic layer 2 be made of an alloy X m Mn 100 _ 
m (where X is at least one or more elements selected from among 
Pt, Pd, Ir, Rh, Ru and Os and a composition ratio m preferably 
satisfies 48 atom % < m < 58 atom %) . 

As shown in Fig. 22, if the composition ratio m of the bias 
layer 6 is less than 53 atom % or more than 60 atom %, such an 
undesired result would occur that crystal lattices of X m Mn 100 _ 
m making up the bias layer 6 become hard to regularly align into 
L10 type superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the second heat treatment carried out 
at the heat treatment temperature of 27 0°C. 

If the composition ratio m of the antif erromagnetic layer 
2 is less than 48 atom % or more than 58 atom %, such an undesired 
result would occur that crystal lattices of X m Mn 100 _ m making up 
the antif erromagnetic layer 2 become hard to regularly align into 
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L10 type superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the first heat treatment carried out 
at the heat treatment temperature of 24 5°C. 

Thus, the composition ratio (48 atom % < m < 58 atom %) 
of the antif erromagnetic layer 2 and the composition ratio (52 
atom % < m < 60 atom %) of the bias layer 6 are selected to have 
different ratios within the respective ranges so that the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 is generated with the first heat treatment carried out 
at the first heat treatment temperature of 245°C, and the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 is 
greater than the exchange anisotropic magnetic field of the bias 
layer 6 after carrying out the second heat treatment at the second 
heat treatment temperature of 270°C while applying an external 
magnetic field smaller than the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 during the second heat 
treatment . 

By selecting different composition ratios within the 
respective ranges so as to satisfy the above condition, a 
difference between the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 and the exchange anisotropic 
magnetic field of the bias layer 6 after the second heat treatment 
can be made more significant and hence the degree of freedom in 
design can be made greater with the selected combination of 
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different compositions than the case of forming the 

antif erromagnetic layer 2 and the bias layer 6 of the same 

composition . 

Also, by generating the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 with the first heat 
treatment and applying an external magnetic field smaller than 
the exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 during the second heat treatment, the magnetization 
direction of the free magnetic layer 5 and the magnetization 
direction of the pinned magnetic layer 3 can be set in cross 
relation, while the magnetization direction of the pinned 
magnetic layer 3 is positively held stationary without 
deteriorating the exchange anisotropic magnetic field of the 
antif erromagnetic layer 2 or changing the magnetization 
direction thereof. 

Further, since the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 can be made still greater than the 
exchange anisotropic magnetic field of the bias layer 6 after 
the second heat treatment, the magnetization direction of the 
pinned magnetic layer 3 remains not changed and held stationary 
with higher certainty, whereas the magnetization direction of 
the free magnetic layer 5 is allowed to more smoothly change, 
when a signal magnetic field is applied from the magnetic 
recording medium. 

As another preferable combination of the antif erromagnetic 
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layer 2 and the bias layer 6, the bias layer 6 is made of an alloy 
Pt m Mn 100 _ m _ n D n (where D is at least one or more elements selected 
from among Pd, Ir, Rh , Ru and Os , and composition ratios m, n 
satisfy 52 atom % < m + n < 60 atom % and 0.2 atom % < n < 40 
atom %) , and the antif erromagnetic layer 2 is made of an alloy 
Pt m Mn 100 _ m _ n D n (where D is at least one or more elements selected 
from among Pd, Ir, Rh, Ru and Os , and composition ratios m, n 
satisfy 48 atom % < m + n < 58 atom % and 0.2 atom % < n < 40 
atom %) . 

If the sum of the composition ratios m + n of the bias layer 
6 is less than 52 atom % or more than 60 atom %, such an undesired 
result would occur that crystal lattices of Pt m Mn 100 _ m _ n D n making 
up the bias layer 6 become hard to regularly align into L10 type 
superlattices and do not exhibit antif erromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
magnetic field, even with the second heat treatment carried out 
at the heat treatment temperature of 27 0°C. 

If the composition ratio n of the bias layer 6 is less than 
0.2 atom %, such an undesired result would occur that the effect 
of improving the unidirectional exchange-coupled magnetic field 
with addition of the element D is not sufficiently developed. 
If n is more than 40 atom %, such an undesired result would occur 
that the unidirectional exchange-coupled magnetic field is 
reduced . 

Also, if the sum of the composition ratios m + n of the 
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anti ferromagnetic layer 2 is less than 48 atom % or more than 
58 atom %, such an undesired result would occur that crystal 
lattices of Pt m Mn 100 _ m _ n D n making up the antif erromagnetic layer 
2 become hard to regularly align into L10 type superlattices and 
do not exhibit antif erromagnetic characteristics, i.e., a 
unidirectional exchange-coupled magnetic field, even with the 
first heat treatment carried out at the heat treatment 
temperature of 245°C. 

If the composition ratio n of the antif erromagnetic layer 
2 is less than 0.2 atom % , such an undesired result would occur 
that the effect of improving the unidirectional exchange-coupled 
magnetic field with addition of the element D is not sufficiently 
developed. If n is more than 40 atom %, such an undesired result 
would occur that the unidirectional exchange-coupled magnetic 
field is reduced. 

Thus, the composition ratio (48 atom % < m + n < 58 atom %) 
of the antif erromagnetic layer 2 and the composition ratio (52 
atom % < m + n < 60 atom %) of the bias layer 6 are selected to 
have different ratios within the respective ranges so that the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 is generated with the first heat treatment carried out 
at the first heat treatment temperature of 245°C, and the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 is 
greater than the exchange anisotropic magnetic field of the bias 
layer 6 after carrying out the second heat treatment at the second 
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heat treatment temperature of 270°C while applying an external 
magnetic field smaller than the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 during the second heat 
treatment . 

By selecting different composition ratios within the 
respective ranges so as to satisfy the above condition, a 
difference between the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 and the exchange anisotropic 
magnetic field of the bias layer 6 after the second heat treatment 
can be made more significant and hence the degree of freedom in 
design can be made greater with the selected combination of 
different compositions than the case of forming the 
antif erromagnetic layer 2 and the bias layer 6 of the same 
composition . 

Also, by generating the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 with the first heat 
treatment and applying an external magnetic field smaller than 
the exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 during the second heat treatment, the magnetization 
directions of the free magnetic layer 5 and the pinned magnetic 
layer 3 can be set in cross relation to each other, while the 
magnetization direction of the pinned magnetic layer 3 is 
positively held stationary without deteriorating the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 or 
changing the magnetization direction thereof. 
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Further, since the exchange anisotropic magnetic field of 
the antiferromagnetic layer 2 can be made still greater than the 
exchange anisotropic magnetic field of the bias layer 6 after 
the second heat treatment, the magnetization direction of the 
pinned magnetic layer 3 remains not changed and held stationary 
with higher certainty, whereas the magnetization direction of 
the free magnetic layer 5 is allowed to more smoothly change, 
when a signal magnetic field is applied from the magnetic 
recording medium. 

As still another preferable combination of the 
antiferromagnetic layer 2 and the bias layer 6, the bias layer 
6 is made of an alloy PtJAn 100 _ <i _ i 'L :i (where L is at least one or 
more elements selected from among Au , Ag, Cr, Ni , Ne , Ar, Xe and 
Kr, and composition ratios q, j satisfy 52 atom % < q + j < 60 
atom % and 0.2 atom % < j < 10 atom %, and the antiferromagnetic 
layer 2 is made of an alloy P-tjAn^^^^ (where L is at least one 
or more elements selected from among Au , Ag, Cr , Ni , Ne , Ar , Xe 
and Kr, and composition ratios q, j satisfy 48 atom % < q + j 
< 58 atom % and 0.2 atom % < j < 10 atom %) . 

If the sum of the composition ratios g + j of the bias layer 
6 is less than 52 atom % or more than 60 atom %, such an undesired 
result would occur that crystal lattices of PtgMn-Loo.g.jLj making 
up the bias layer 6 become hard to regularly align into L10 type 
superlattices and do not exhibit antiferromagnetic 
characteristics, i.e., a unidirectional exchange-coupled 
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magnetic field, even with the second heat treatment carried out 
at the heat treatment temperature of 2 7 0°C. 

If the composition ratio j of the bias layer 6 is less than 
0.2 atom %, such an undesired result would occur that the effect 
of improving the unidirectional exchange-coupled magnetic field 
with addition of the element L is not sufficiently developed. 
If j is more than 10 atom %, such an undesired result would occur 
that the unidirectional exchange-coupled magnetic field is 
reduced . 

Also, if the sum of the composition ratios qr + j of the 
antif erromagnetic layer 2 is less than 48 atom % or more than 
58 atom %, such an undesired result would occur that crystal 
lattices of ~P J c^Axi X0Q _ qri L i making up the antif erromagnetic layer 
2 become hard to regularly align into L10 type superlattices and 
do not exhibit antif erromagnetic characteristics, i.e., a 
unidirectional exchange-coupled magnetic field, even with the 
first heat treatment carried out at the heat treatment 
temperature of 245°C. 

If the composition ratio j of the antif erromagnetic layer 
2 is less than 0.2 atom %, such an undesired result would occur 
that the effect of improving the unidirectional exchange-coupled 
magnetic field with addition of the element L is not sufficiently 
developed. If j is more than 10 atom %, such an undesired result 
would occur that the unidirectional exchange-coupled magnetic 
field is reduced. 
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Thus, the composition ratio (48 atom % < q + j < 58 atom %) 
of the antif erromagnetic layer 2 and the composition ratio (52 
atom % < q + j < 60 atom %) of the bias layer 6 are selected to 
have different ratios within the respective ranges so that the 
exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 is generated with the first heat treatment carried out 
at the first heat treatment temperature of 245°C, and the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 is 
greater than the exchange anisotropic magnetic field of the bias 
layer 6 after carrying out the second heat treatment at the second 
heat treatment temperature of 27 0°C while applying an external 
magnetic field smaller than the exchange anisotropic magnetic 
field of the antif erromagnetic layer 2 during the second heat 
treatment . 

By selecting different composition ratios within the 
respective ranges so as to satisfy the above condition, a 
difference between the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 generated by the first heat 
treatment and the exchange anisotropic magnetic field of the bias 
layer 6 generated by the second heat treatment can be made more 
significant and hence the degree of freedom in design can be made 
greater with the selected combination of different compositions 
than the case of forming the antif erromagnetic layer 2 and the 
bias layer 6 of the same composition. 

Also, by generating the exchange anisotropic magnetic 
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field of the antif erromagnetic layer 2 with the first heat 
treatment and applying an external magnetic field smaller than 
the exchange anisotropic magnetic field of the antif erromagnetic 
layer 2 during the second heat treatment, the magnetization 
directions of the free magnetic layer 5 and the pinned magnetic 
layer 3 can be set in cross relation to each other, while the 
magnetization direction of the pinned magnetic layer 3 is 
positively held stationary without deteriorating the exchange 
anisotropic magnetic field of the antif erromagnetic layer 2 or 
changing the magnetization direction thereof. 

Further, since the exchange anisotropic magnetic field of 
the antif erromagnetic layer 2 can be made still greater than the 
exchange anisotropic magnetic field of the bias layer 6 after 
the second heat treatment, the magnetization direction of the 
pinned magnetic layer 3 remains not changed and held stationary 
with higher certainty, whereas the magnetization direction of 
the free magnetic layer 5 is allowed to more smoothly change, 
when a signal magnetic field is applied from the magnetic 
recording medium. 

In the spin-valve type magnetoresistive sensor 1 thus 
constructed, the antif erromagnetic layer 2 and the bias layer 
6 are each made of an alloy containing at least one or more 
elements selected from among Pt, Pd, Rh , Ru, Ir, Os , Au , Ag, Cr , 
Ni , Ne , Ar , Xe and Kr, as well as Mn. Therefore, the exchange 
anisotropic magnetic field has a good temperature characteristic , 
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and the spin-valve type magnetoresistive sensor 1 has superior 
heat resistance. 

The blocking temperature of a PtMn alloy, for example, is 
about 380°C higher than that of a FeMn alloy, i.e. , 150°C, which 
has been used for a bias layer of a conventional spin-valve type 
magnetoresistive sensor. 

Accordingly, the spin-valve type magnetoresistive sensor 
1 has good durability even when it is provided in a device such 
as a magnetoresistive head where the inside temperature reaches 
a high level, and exhibits a less variation in the exchange 
anisotropic magnetic field (exchange-coupled magnetic field) 
with a temperature change . 

Further, by forming the antif erromagnetic layer 2 of the 
above-mentioned material , the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
generated in the antif erromagnetic layer 2. As a result, the 
magnetization direction of the pinned magnetic layer 3 can be 
firmly held stationary. 

Of the various materials for the bias layer 6 and the 
antif erromagnetic layer 2 in the present invention, a more 
preferable material is a PtMn alloy that has a higher blocking 
temperature, i.e. , 380°C, than that of a IrMn alloy, i.e. , 230°C. 

In the method of manufacturing the spin-valve type 
magnetoresistive sensor 1, an alloy containing at least one or 
more elements selected from among Pt, Pd, Rh, Ru, Ir, Os, Au , 



- 89 - 



Ag, Cr , Ni , Ne, Ar , Xe and Kr , as well as Mn is used for the 
antif erromagnetic layer 2 and the bias layer 6. By utilizing 
properties of such an alloy, the magnetization direction of the 
pinned magnetic layer 3 is made stationary by the first heat 
treatment, and the magnetization direction of the free magnetic 
layer 5 is uniformly arranged in a direction crossing the 
magnetization direction of the pinned magnetic layer 3 by the 
second heat treatment. It is therefore possible to uniformly 
arrange the magnetization direction of the free magnetic layer 
5 in a direction crossing the magnetization direction of the 
pinned magnetic layer 3 without adversely affecting the 
magnetization direction of the pinned magnetic layer 3, and to 
provide the spin-valve type magnetoresistive sensor 1 having 
superior heat resistance. 

Also, in the method of manufacturing the spin-valve type 
magnetoresistive sensor 1, the soft magnetic layers 7, 7 are 
formed on the first laminate la, and the bias layers 6, 6 are 
formed respectively on the soft magnetic layers 7, 7. After 
forming the soft magnetic layers 7,7, therefore, the bias layers 
6, 6 can be formed without breaking a vacuum. This means no 
necessity of cleaning a surface, on which the bias layers 6, 6 
are to be formed, by ion milling or reverse sputtering. As a 
result, the manufacturing method is superior in being free from 
a drawback attributable to the cleaning, such as an adverse 
effect upon generation of the exchange anisotropic magnetic 
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field caused by contamination with foreign matters deposited 
again on the surface or disorder of the crystal state at the 
surface . 

Moreover, the manufacturing process is facilitated because 
of no necessity of cleaning the surface, on which the bias layers 
6, 6 are to be formed, before forming the bias layers 6, 6. 

On the other hand, the ferromagnetic coupling at the 
interface between the free magnetic layer 5 and the soft magnetic 
layer 7 is not so sensitive to contamination etc. as the exchange 
coupling at the interface between the free magnetic layer 5 and 
an antif erromagnetic layer . Therefore, a longitudinal magnetic 
field imparted to the free magnetic layer 5 can be surely 
generated at a sufficient level even if the soft magnetic layer 
7 is formed after breaking a vacuum and exposing the laminate 
la to the atmosphere. Alternatively, prior to forming the soft 
magnetic layer 7 , the surface of the laminate la may be cleaned 
by ion milling or reverse sputtering, for example, without 
breaking a vacuum. 

By providing the above-described spin-valve type 
magnetoresistive sensor 1 on the slider 151, a highly reliable 
magnetoresistive head can be obtained which is superior in 
durability and heat resistance, and which can generate an 
exchange anisotropic magnetic field at a sufficient level. 

In the spin-valve type magnetoresistive sensor 1 according 
to the first embodiment of the present invention, as described 
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above, the pinned magnetic layer 3 and the free magnetic layer 
5 are each formed in a single-layer structure respectively under 
and on the non-magnetic electrically conductive layer 4 in the 
direction of thickness thereof. However, the pinned magnetic 
layer 3 and the free magnetic layer 5 may be each formed in a 
multilayer structure. 

The mechanism developing a giant magnetoresistive change 
is attributable to spin-dependent scattering of conduction 
electrons caused at the interface between the non-magnetic 
electrically conductive layer 4 and the pinned magnetic layer 

3 and at the interface between the non-magnetic electrically 
conductive layer 4 and the free magnetic layer 5. A preferable 
combination with the non-magnetic electrically conductive layer 

4 made of Cu , for example, for causing spin-dependent scattering 
more remarkably is given by a Co layer. For this reason, when 
the pinned magnetic layer 3 is made of a material other than Co, 
a portion of the pinned magnetic layer 3 in contact with the 
non-magnetic electrically conductive layer 4 is preferably 
formed of a thin Co layer 3a as indicated by a two-dot-chain line 
in Fig. 1. Also, when the free magnetic layer 5 is made of a 
material other than Co, a portion of the free magnetic layer 5 
in contact with the non-magnetic electrically conductive layer 
4 is preferably formed, as with the pinned magnetic layer 3, of 
a thin Co layer 5a as indicated by a two-dot-chain line in Fig. 
1. 
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[Second Embodiment] 

Fig. 7 is a cross-sectional view schematically showing a 
spin-valve type magnetoresistive sensor according to a second 
embodiment of the present invention, and Fig. 8 is a sectional 
view showing the structure of the spin-valve type 
magnetoresistive sensor shown in Fig. 7, as viewed from the side 
facing a recording medium. 

Similarly to the spin-valve type magnetoresistive sensor 
shown in Fig. 1, the spin-valve type magnetoresistive sensor of 
this- embodiment is also provided, for example, on a trailing end 
face of a floating slider mounted in a hard disk device, and is 
used to detect a magnetic field recorded on a hard disk or the 
like. 

In Figs . 7 and 8 , a Z-direction represents the moving 
direction of a magnetic recording medium such as a hard disk, 
and a Y-direction represents the direction of a leakage magnetic 
field from the magnetic recording medium. 

The spin-valve type magnetoresistive sensor shown in Figs. 
7 and 8 is one of the so-called bottom type single-spin-valve 
magnetoresistive sensors wherein an anti-ferromagnetic layer, a 
pinned magnetic layer, a non-magnetic electrically conductive 
layer, and a free magnetic layer are formed on a substrate one 
by one in this order. 

In the spin-valve type magnetoresistive sensor of this 
embodiment, as with the spin-valve type magnetoresistive sensor 
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shown in Fig. 1, a magnetization direction of the free magnetic 
layer is uniformly arranged so as to cross a magnetization 
direction of the pinned magnetic layer based on exchange biasing 
by using a bias layer made of an antif erromagnetic material. 

In Figs. 7 and 8, character K denotes a substrate. On the 
substrate K, an insulating underlying layer 200 made of A1 2 0 3 , 
for example, a lower shielding layer 163, a lower gap layer 164, 
and an antif erromagnetic layer 11 are formed in succession. 
Further, a first pinned magnetic layer 12 is formed on the 
antiferromagnetic layer 11. Then, a non-magnetic intermediate 
layer 13 is formed on the first pinned magnetic layer 12, and 
a second pinned magnetic layer 14 is formed on the non-magnetic 
intermediate layer 13. Moreover, a non-magnetic electrically 
conductive layer 15 is formed on the second pinned magnetic layer 
14, and a free magnetic layer 16 is formed on the non-magnetic 
electrically conductive layer 15. 

On the free magnetic layer 16 , a pair of soft magnetic layers 
19, 19 are formed while a spacing corresponding to a track width 
Tw is left between the soft magnetic layers 19, 19. A pair of 
bias layers 130 , 130 are formed respectively on the soft magnetic 
layers 19, 19, and a pair of electrically conductive layers 131, 
131 are formed respectively on the bias layers 130, 130. 

In the spin-valve type magnetores istive sensor of this 
second embodiment, as with the above spin-valve type 
magnetoresistive sensor of the first embodiment, the 
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antif erromagnetic layer 11 is made of an alloy containing at 
least one or more elements selected from among Pt, Pd, Ir, Rh, 
Ru, Os, Au, Ag, Cr, Ni , Ne, Ar , Xe and Kr, as well as Mn. The 
antif erromagnetic layer 11 acts to magnetize the first pinned 
magnetic layer 12 and the second pinned magnetic layer 14 in 
respective certain directions when subjected to heat treatment 
under a magnetic field. 

The first pinned magnetic layer 12 and the second pinned 
magnetic layer 14 are each formed of, for example, a Co film, 
a NiFe alloy, a CoNiFe alloy, a CoNi alloy or a CoFe alloy. 

The non-magnetic intermediate layer 13 interposed between 
the first pinned magnetic layer 12 and the second pinned magnetic 
layer 14 is preferably made of one selected from among Ru , Rh , 
Ir, Cr, Re and Cu , or an alloy of two or more selected from among 
them . 

Additionally, arrows depicted in the first pinned magnetic 
layer 12 and the second pinned magnetic layer 14, shown in Fig. 
7 , indicate the magnitudes and directions of respective magnetic 
moments . The magnitude of each magnetic moment is defined as 
a value resulted from multiplying a saturation magnetization 
(Ms) and a film thickness (t) . 

The first pinned magnetic layer 12 and the second pinned 
magnetic layer 14 shown in Figs. 7 and 8 are formed of the same 
material such that a film thickness tP 2 of the second pinned , 
magnetic layer 14 is greater than a film thickness tP L of the 
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first pinned magnetic layer 12. Therefore, the second pinned 
magnetic layer 14 has a greater magnetic moment than the first 
pinned magnetic layer 12 . 

Thus, it is desired that the first pinned magnetic layer 
12 and the second pinned magnetic layer 14 have different 
magnetic moments from each other. To this end, the film 
thickness tP L of the first pinned magnetic layer 12 may be 
selected to be greater than the film thickness tP 2 of the second 
pinned magnetic layer 14. 

As shown in Figs. 7 and 8, the first pinned magnetic layer 
12 is magnetized in the Y-direction, i.e., the direction away 
from the magnetic recording medium (direction of height) . The 
second pinned magnetic layer 14 opposing to the first pinned 
magnetic layer 12 with the non-magnetic intermediate layer 13 
interposed therebetween is magnetized in the antiparallel state 
(f errimagnetic state) relative to the magnetization direction 
of the first pinned magnetic layer 12. 

The first pinned magnetic layer 12 is formed in contact 
with the antif erromagnetic layer 11. When subjected to 
annealing (heat treatment) under a magnetic field, an 
exchange-coupled magnetic field (exchange anisotropic magnetic 
field) is generated at the interface between the first pinned 
magnetic layer 12 and the antif erromagnetic layer 11 to make the 
magnetization of the first pinned magnetic layer 12 stationary 
in the Y-direction, for example, as shown in Figs. 7 and 8. Upon 
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the magnetization of the first pinned magnetic layer 12 being 
made stationary in the Y-direction, the magnetization of the 
second pinned magnetic layer 14 opposing to the first pinned 
magnetic layer 12 with the non-magnetic intermediate layer 13 
interposed therebetween is made stationary in the antiparallel 
state (f errimagnetic state) relative to the magnetization of the 
first pinned magnetic layer 12 . 

In the spin-valve type magnetoresistive sensor having the 
above-described structure , the magnetization of the first pinned 
magnetic layer 12 and the magnetization of the second pinned 
magnetic layer 14 can be held in the antiparallel state with 
higher stability under a greater exchange-coupled magnetic field. 
By employing, as the antif erromagnetic layer 11 of the spin- 
valve type magnetoresistive sensor of this embodiment, the 
above-described alloy which has a higher blocking temperature 
and generates a greater exchange-coupled magnetic field 
(exchange anisotropic magnetic field) at the interface between 
the first pinned magnetic layer 12 and the antif erromagnetic 
layer 11, the magnetized states of the first pinned magnetic 
layer 12 and the second pinned magnetic layer 14 can be held stable 
from the thermal point of view as well. 

In the spin-valve type magnetoresistive sensor of this 
embodiment, as described above, by selecting a film thickness 
ratio of the first pinned magnetic layer 12 to the second pinned 
magnetic layer 14 so as to fall in a proper range, the 
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exchange-coupled magnetic field (Hex) can be increased, and the 
magnetization of the first pinned magnetic layer 12 and the 
magnetization of the second pinned magnetic layer 14 can be held 
in the antiparallel state { f erriraagnetic state) that is stable 
from the thermal point of view as well. Further, a good value 
of AMR (resistance change rate) can be obtained. 

As shown in Figs. 7 and 8, the non-magnetic electrically 
conductive layer 15 made of Cu , for example, is formed on the 
second pinned magnetic layer 14, and the free magnetic layer 16 
is formed on the non-magnetic electrically conductive layer 15. 

The free magnetic layer 16 is formed of two layers as shown 
in Figs. 7 and 8 . One layer denoted by 17 and formed on the side 
in contact with the non-magnetic electrically conductive layer 
15 is formed of a Co film. The other layer 18 is formed of, for 
example, a NiFe alloy, a CoFe alloy or a CoNiFe alloy. 

The reason of forming the layer 17 of a Co film on the side 
in contact with the non-magnetic electrically conductive layer 
15 is that the presence of such a film serves to prevent metal 
elements, etc. from diffusing at the interface between the free 
magnetic layer 16 and the non-magnetic electrically conductive 
layer 15 made of Cu , and to increase the value of AMR (resistance 
change rate) . 

The soft magnetic layers 19, 19 are preferably formed of 
a NiFe alloy or the like. 

The bias layers 130, 130 are made of, similarly to the 
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antif erromagnetic layer 11, an alloy containing at least one or 
more elements selected from among Pt, Pd, Ir, Rh, Ru , Os, Au , 
Ag, Cr, Ni , Ne, Ar, Xe and Kr, as well as Mn . 

The free magnetic layer 16 is magnetized in the XI- 
direction shown in Figs. 7 and 8 under the effect of a bias 
magnetic field produced by the bias layer 130. 

Further, the electrically conductive layers 131, 131 are 
preferably made of, for example, Au , W, Cr or Ta . 

In the spin-valve type magnetoresistive sensor shown in 
Figs. 7 and 8, a sensing electric current is applied from the 
electrically conductive layers 131, 131 electrode layers 28, 28 
to the free magnetic layer 16, the non-magnetic electrically 
conductive layer 15 and the second pinned magnetic layer 14. 
When a leakage magnetic field is applied from the magnetic 
recording medium in the Y-direction shown in Figs. 7 and 8, the 
magnetization direction of the free magnetic layer 16 is varied 
from the Xl-direction toward the Y-direction, whereupon 
spin-dependent scattering of conduction electrons are caused at 
the interface between the non-magnetic electrically conductive 
layer 15 and the free magnetic layer 16 and the interface between 
the non-magnetic electrically conductive layer 15 and the second 
pinned magnetic layer 14. As a result, electrical resistance 
is changed and the leakage magnetic field from the magnetic 
recording medium can be detected as a change in electrical 
resistance . 
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In fact, the sensing electric current also flows to the 
interface between the first pinned magnetic layer 12 and the 
non-magnetic intermediate layer 13, etc. The first pinned 
magnetic layer 12 does not directly contribute to the value of 
AMR, and serves as kind of an auxiliary layer for making the 
magnetization of the second pinned magnetic layer 14, which 
contributes to the value of AMR, stationary in a proper 
direction. 

Accordingly, the sensing electric current flowing to the 
first pinned magnetic layer 12 and the non-magnetic intermediate 
layer 13 produces a shunt loss (electric current loss) . However, 
an amount of the shunt loss is so very small that the second 
embodiment can provide AMR substantially at the same level as 
conventional . 

The spin-valve type magnetoresistive sensor of this second 
embodiment can be manufactured basically in the same manner as 
the spin-valve type magnetoresistive sensor shown in Fig. 1. 

More specifically, according to the method of 
manufacturing the spin-valve type magnetoresistive sensor of 
this second embodiment, the antif erromagnetic layer 11, the 
first pinned magnetic layer 12, the non-magnetic intermediate 
layer 13, the second pinned magnetic layer 14, the non-magnetic 
electrically conductive layer 15 and the free magnetic layer 16 
are successively formed on the substrate K one above another, 
thereby forming a first laminate. Then, the first laminate is 
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subj ected to heat treatment at a first heat treatment temperature 
while applying a first magnetic field in a direction 
perpendicular to the direction of the track width Tw. An 
exchange anisotropic magnetic field is thereby generated in the 
antiferromagnetic layer 11 to make the magnetization direction 
of the first pinned magnetic layer 12 stationary. 

Next, with a method of using a lift-off resist, the soft 
magnetic layers 19, 19 are formed on the first laminate while 
a spacing corresponding to the track width Tw is left between 
the soft magnetic layers 19, 19. Subsequently, the bias layers 
130, 130 are formed respectively on the soft magnetic layers 19, 
19, and the electrically conductive layers 131, 131 are formed 
respectively on the bias layers 130, 130. A second laminate 
having the same configuration as the spin-valve type 
magnetoresistive sensor shown in Figs. 7 and 8 is thereby 
obtained . 

The second laminate thus obtained is subjected to heat 
treatment at a second heat treatment temperature in the direction 
of the track width Tw while applying a second magnetic field 
smaller than the exchange anisotropic magnetic field of the 
antiferromagnetic layer 11, whereby a bias magnetic field is 
applied to the free magnetic layer 16 in a direction crossing 
the magnetization directions of the first pinned magnetic layer 
12 and the second pinned magnetic layer 14. As a result, the 
spin-valve type magnetoresistive sensor shown in Figs. 7 and 8 
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is obtained. 

In the spin-valve type magnetoresistive sensor thus 
constructed, the antif erromagnetic layer 11 and the bias layer 
130 are each likewise made of an alloy containing at least one 
or more elements selected from among Pt, Pd, Rh, Ru , Ir, Os, Au , 
Ag, Cr, Ni, Ne, Ar , Xe and Kr, as well as Mn. Therefore, the 
exchange anisotropic magnetic field has a good temperature 
characteristic, and the spin-valve type magnetoresistive sensor 
has superior heat resistance. 

Also, the spin-valve type magnetoresistive sensor has good 
durability even when it is provided in a device such as a 
magnetoresistive head where the inside temperature reaches a 
high level, and exhibits a less variation in the exchange 
anisotropic magnetic field (exchange-coupled magnetic field) 
with a temperature change . 

Further, by forming the antif erromagnetic layer 11 of the 
above-mentioned alloy, the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
generated in the antif erromagnetic layer 11. As a result, the 
magnetization directions of the first pinned magnetic layer 12 
and the second pinned magnetic layer 14 can be firmly held 
stationary . 

With the method of manufacturing the spin-valve type 
magnetoresistive sensor of this embodiment, an alloy containing 
at least one or more elements selected from among Pt, Pd, Rh, 
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Ru, Ir, Os , Au, Ag, Cr , Ni , Ne , Ar, Xe and Kr , as well as Mn is 
used for the antiferroraagnetic layer 11 and the bias layer 130. 
By utilizing properties of such an alloy, the magnetization 
direction of the first pinned magnetic layer 12 is made 
stationary by the first heat treatment, and the magnetization 
direction of the free magnetic layer 16 is uniformly arranged 
in a direction crossing the magnetization directions of the first 
pinned magnetic layer 12 and the second pinned magnetic layer 
14 by the second heat treatment. It is therefore possible to 
uniformly arrange the magnetization direction of the free 
magnetic layer 16 in a direction crossing the magnetization 
directions of the first pinned magnetic layer 12 and the second 
pinned magnetic layer 14 without adversely affecting the 
magnetization direction of the first pinned magnetic layer 12, 
and to provide a spin-valve type magnetoresistive sensor having 
superior heat resistance. 

Also, with the method of manufacturing the spin-valve type 
magnetoresistive sensor, the soft magnetic layers 19, 19 are 
formed on the first laminate, and the bias layers 130, 130 are 
formed respectively on the soft magnetic layers 19, 19. After 
forming the soft magnetic layers 19, 19, therefore, the bias 
layers 130, 130 can be formed without breaking a vacuum. This 
means no necessity of cleaning a surface, on which the bias layers 
130 , 130 are to be formed, by ion milling or reverse sputtering. 
As a result, the manufacturing method is superior in being free 
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from a drawback attributable to the cleaning, such as an adverse 
effect upon generation of the exchange anisotropic magnetic 
field caused by contamination with foreign matters deposited 
again on the surface or disorder of the crystal state at the 
surface . 

Moreover, the manufacturing process is facilitated because 
of no necessity of cleaning the surface, on which the bias layers 
130, 130 are to be formed, before forming the bias layers 130, 
130 . 

[Third Embodiment] 

Fig. 9 is a cross-sectional view schematically showing a 
spin-valve type magnetoresistive sensor according to a third 
embodiment of the present invention, and Fig. 10 is a sectional 
view showing the structure of the spin-valve type 
magnetoresistive sensor shown in Fig. 9, as viewed from the side 
facing a recording medium. 

Similarly to the spin-valve type magnetoresistive sensors 
described above, the spin-valve type magnetoresistive sensor of 
this embodiment is also provided, for example, on a trailing end 
face of a floating slider mounted in a hard disk device, and is 
used to detect a magnetic field recorded on a hard disk or the 
like. 

In Figs. 9 and 10, a Z-direction represents the moving 
direction of a magnetic recording medium such as a hard disk, 
and a Y-direction represents the direction of a leakage magnetic 
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field from the magnetic recording medium. 

Also in the spin-valve type magnetoresistive sensor of this 
embodiment, a magnetization direction of a free magnetic layer 
is uniformly arranged so as to cross a magnetization direction 
of a pinned magnetic layer based on exchange biasing by using 
a bias layer made of an antif erromagnetic material. 

The spin-valve type magnetoresistive sensor of this 
embodiment is featured in that, in addition to the pinned 
magnetic layer, the free magnetic layer is also divided into two 
layers, i.e., a first free magnetic layer and a second free 
magnetic layer, with a non-magnetic intermediate layer 
interposed between the two layers. 

In Figs. 9 and 10, character K denotes a substrate. On 
the substrate K, an insulating underlying layer 200 made of A1 2 0 3 , 
for example, a lower shielding layer 163, a lower gap layer 164, 
and an antif erromagnetic layer 51 are formed in succession. 
Further, on the antif erromagnetic layer 51, a first pinned 
magnetic layer 52 , a non-magnetic intermediate layer 53 , a second 
pinned magnetic layer 54 , a non-magnetic electrically conductive 
layer 55, a second free magnetic layer 56, a non-magnetic 
intermediate layer 59 and a first free magnetic layer 60 are 
successively formed in this order one above another. 

On the first free magnetic layer 60, as shown in Fig. 10, 
a pair of soft magnetic layers 61, 61 are formed while a spacing 
corresponding to a track width Tw is left between the soft 
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magnetic layers 61, 61. A pair of bias layers 62 , 62 are formed 
respectively on the soft magnetic layers 61, 61, and a pair of 
electrically conductive layers 63, 63 are formed respectively 
on the bias layers 62, 62. 

In the spin-valve type magnetores istive sensor according 
to the third embodiment of the present invention, as with the 
spin-valve type magnetoresistive sensors described above, the 
antif erromagnetic layer 51 is made of an alloy containing at 
least one or more elements selected from among Pt, Pd, Rh , Ru , 
Ir, Os , Au, Ag, Cr , Ni , Ne , Ar , Xe and Kr , as well as Mn . The 
antif erromagnetic layer 51 acts to magnetize the first pinned 
magnetic layer 52 and the second pinned magnetic layer 54 in 
respective certain directions when subjected to heat treatment 
under a magnetic field. 

The first pinned magnetic layer 52 and the second pinned 
magnetic layer 54 are each formed of, for example, a Co film, 
a NiFe alloy, a CoFe alloy, a CoNiFe alloy, or a CoNi alloy. 

The non-magnetic intermediate layer 53 is preferably made 
of one selected from among Ru , Rh , Ir, Cr , Re and Cu, or an alloy 
of two or more selected from among them. 

The first pinned magnetic layer 52 is formed in contact 
with the antif erromagnetic layer 51. When subjected to 
annealing (heat treatment) under a magnetic field, an 
exchange-coupled magnetic field (exchange anisotropic magnetic 
field) is generated at the interface between the first pinned 
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magnetic layer 52 and the antif erromagnetic layer 51 to make the 
magnetization of the first pinned magnetic layer 22 stationary 
in the Y-direction , for example, as shown in Figs . 9 and 10. Upon 
the magnetization of the first pinned magnetic layer 52 being 
made stationary in the Y-direction, the magnetization of the 
second pinned magnetic layer 54 opposing to the first pinned 
magnetic layer 52 with the non-magnetic intermediate layer 53 
interposed therebetween is made stationary in the antiparallel 
state (f errimagnetic state) relative to the magnetization of the 
first pinned magnetic layer 52. 

To hold stability of the f errimagnetic state, a greater 
exchange anisotropic magnetic field is required. In the 
spin-valve type magnetoresistive sensor of this embodiment, by 
employing, as the antif erromagnetic layer 51, the above- 
described alloy which has a higher blocking temperature and 
generates a greater exchange-coupled magnetic field (exchange 
anisotropic magnetic field) at the interface between the first 
pinned magnetic layer 52 and the antif erromagnetic layer 51, the 
magnetized states of the first pinned magnetic layer 52 and the 
second pinned magnetic layer 54 can be held stable from the 
thermal point of view as well. 

The non-magnetic electrically conductive layer 55 is 
preferably made of Cu , for example. 

The second free magnetic layer 56 is formed of two layers 
as shown in Figs. 9 and 10. A Co film 57 is formed on the side 
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in contact with the non-magnetic electrically conductive layer 
55. The reason of forming the Co film 57 on the side in contact 
with the non-magnetic electrically conductive layer 55 is that 
the presence of the Co film serves first to increase the value 
of AMR and secondly to prevent metal elements, etc. from 
diffusing at the interface between the second free magnetic layer 
56 and the non-magnetic electrically conductive layer 55. 

A NiFe alloy film 58 is formed on the Co film 57, and a 
non-magnetic intermediate layer 59 is formed on the NiFe alloy 
film 58. Then, the first free magnetic layer 60 is formed on 
the non-magnetic intermediate layer 59. 

The first free magnetic layer 60 is formed of, for example, 
a Co film, a NiFe alloy, a CoFe alloy, a CoNiFe alloy, or a CoNi 
alloy . 

The non-magnetic intermediate layer 59 interposed between 
the second free magnetic layer 56 and the first free magnetic 
layer 60 is preferably made of one selected from among Ru, Rh , 
Ir, Cr, Re and Cu , or an alloy of two or more selected from among 
them. 

The magnetization of the second free magnetic layer 56 and 
the magnetization of the first free magnetic layer 60 are 
produced in the antiparallel state (f errimagnetic state) to each 
other, as shown in Figs. 9 and 10, due to an exchange-coupled 
magnetic field (RKKY interaction) generated between the second 
free magnetic layer 56 and the first free magnetic layer 60. 
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In the spin-valve type magnetoresistive sensor shown in 
Figs. 9 and 10, the first free magnetic layer 56 and the second 
free magnetic layer 60 are formed, by way of example, such that 
a film thickness tF 2 of the second free magnetic layer 56 is 
greater than a film thickness tF 1 of the first free magnetic layer 
60. 

Then, Ms-tF 2 of the second free magnetic layer 56 is set 
to be smaller than Ms-tFi of the first free magnetic layer 60. 
When a bias magnetic field is applied from the bias layer 62 in 
a direction opposing to the Xl-direction shown in Figs. 9 and 
10, the magnetization of the first free magnetic layer 60 having 
a greater value of Ms-tFj. is uniformly arranged in the direction 
opposing to the Xl-direction under the effect of the bias 
magnetic field. Also, the magnetization of the second free 
magnetic layer 56 having a smaller value of Ms-tF 2 is uniformly 
arranged in the Xl-direction due to the exchange-coupled 
magnetic field (RKKY interaction) generated between the second 
free magnetic layer 56 and the first free magnetic layer 60. 

Upon an external magnetic field being applied in the 
Y-direction shown in Figs. 9 and 10, the magnetization of the 
second free magnetic layer 56 and the magnetization of the first 
free magnetic layer 60 are rotated under the effect of the 
external magnetic field while the f errimagnetic state is kept. 
Then, electrical resistance is changed depending on the 
relationship between the varying magnetization of the second 
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free magnetic layer 56 which contributes to the value of AMR and 
the stationary magnetization of the second pinned magnetic layer 
54 (magnetized, for example, in a direction opposing to the 
Y-direction) , and the external magnetic field can be detected 
as a change in electrical resistance. 

The soft magnetic layers 61, 61 are preferably formed of, 
for example, a NiFe alloy. 

The bias layers 62, 62 are made of, similarly to the 
antiferromagnetic layer 51, an alloy containing at least one or 
more elements selected from among Pt, Pd, Rh, Ru, Ir, Os , Au , 
Ag, Cr, Ni, Ne, Ar, Xe and Kr , as well as Mn. 

Further, the electrically conductive layers 63, 63 are 
preferably made of, for example, Au, W, Cr or Ta . 

The spin-valve type magnetoresistive sensor of this third 
embodiment can also be manufactured basically in the same manner 
as the spin-valve type magnetoresistive sensor shown in Fig. 1. 

More specifically, according to the method of 
manufacturing the spin-valve type magnetoresistive sensor of 
this third embodiment, the antiferromagnetic layer 51, the first 
pinned magnetic layer 52 , the non-magnetic intermediate layer 
53, the second pinned magnetic layer 54, the non-magnetic 
electrically conductive layer 55, the second free magnetic layer 
56, the non-magnetic intermediate layer 59 and the first free 
magnetic layer 60 are successively formed on the substrate K one 
above another , thereby forming a first laminate . Then , the first 
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laminate is subjected to heat treatment at a first heat treatment 
temperature while applying a first magnetic field in a direction 
perpendicular to the direction of the track width Tw. An 
exchange anisotropic magnetic field is thereby generated in the 
antiferromagnetic layer 51 to make the magnetization direction 
of the first pinned magnetic layer 52 stationary. 

Next, with a method of using a lift-off resist, the soft 
magnetic layers 61, 61 are formed on the first laminate while 
a spacing corresponding to the track width Tw is left between 
the soft magnetic layers 61, 61. Subsequently, the bias layers 
62, 62 are formed respectively on the soft magnetic layers 61, 
61, and the electrically conductive layers 63, 63 are formed 
respectively on the bias layers 62, 62. A second laminate having 
the same configuration as the spin-valve type magnetoresistive 
sensor shown in Figs. 9 and 10 is thereby obtained. 

The second laminate thus obtained is subjected to heat 
treatment at a second heat treatment temperature while applying 
a second magnetic field in the direction of the track width Tw 
smaller than the exchange anisotropic magnetic field of the 
antiferromagnetic layer 51, whereby a bias magnetic field is 
applied to the first free magnetic layer 60 in a direction 
crossing the magnetization directions of the first pinned 
magnetic layer 52 and the second pinned magnetic layer 54. As 
a result, the spin-valve type magnetoresistive sensor shown in 
Figs. 9 and 10 is obtained. 
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In the spin-valve type magnetoresistive sensor thus 
constructed, the antif erromagnetic layer 51 and the bias layer 
62 are each likewise made of an alloy containing at least one 
or more elements selected from among Pt, Pd, Rh, Ru , Ir, Os , Au, 
Ag, Cr, Ni, Ne, Ar, Xe and Kr, as well as Mn. Therefore, the 
exchange anisotropic magnetic field has a good temperature 
characteristic, and the spin-valve type magnetoresistive sensor 
has superior heat resistance. 

Also, the spin-valve type magnetoresistive sensor has good 
durability even when it is provided in a device such as a 
magnetoresistive head where the sensor temperature reaches a 
high level due to an increased environment temperature in the 
hard disk device and Joule heat produced by a sensing electric 
current flowing in the sensor, and exhibits a less variation in 
the exchange anisotropic magnetic field (exchange-coupled 
magnetic field) with a temperature change. 

Further, by forming the antif erromagnetic layer 51 of the 
above-mentioned alloy, the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
generated in the antif erromagnetic layer 51. As a result, the 
magnetization directions of the first pinned magnetic layer 52 
and the second pinned magnetic layer 54 can be firmly held 
stationary . 

With the method of manufacturing the spin-valve type 
magnetoresistive sensor of this embodiment, an alloy containing 
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at least one or more elements selected from among Pt, Pd, Rh, 
Ru, Ir, Os, Au, Ag, Cr , Ni , Ne , Ar, Xe and Kr , as well as Mn is 
used for the antif erromagnetic layer 51 and the bias layer 62. 
By utilizing properties of such an alloy, the magnetization 
direction of the first pinned magnetic layer 52 is made 
stationary by the first heat treatment, and the magnetization 
direction of the first free magnetic layer 60 is uniformly 
arranged in a direction crossing the magnetization directions 
of the first pinned magnetic layer 52 and the second pinned 
magnetic layer 54 by the second heat treatment. It is therefore 
possible to uniformly arrange the magnetization directions of 
the second free magnetic layer 56 and the first free magnetic 
layer 60 in directions crossing the magnetization directions of 
the first pinned magnetic layer 52 and the second pinned magnetic 
layer 54 without adversely affecting the magnetization direction 
of the first pinned magnetic layer 52 , and to provide a spin-valve 
type magnetoresistive sensor having superior heat resistance. 

Also, with the method of manufacturing the spin-valve type 
magnetoresistive sensor, the soft magnetic layers 61, 61 are 
formed on the first laminate , and the bias layers 62 , 62 are formed 
respectively on the soft magnetic layers 61, 61. After forming 
the soft magnetic layers 61, 61, therefore, the bias layers 62, 
62 can be formed without breaking a vacuum. This means no 
necessity of cleaning a surface, on which the bias layers 62, 
62 are to be formed, by ion milling or reverse sputtering. As 
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a result, the manufacturing method is superior in being free from 
a drawback attributable to the cleaning, such as an adverse 
effect upon generation of the exchange anisotropic magnetic 
field caused by contamination with foreign matters deposited 
again on the surface or disorder of the crystal state at the 
surface . 

Moreover, the manufacturing process is facilitated because 
of no necessity of cleaning the surface, on which the bias layers 
62, 62 are to be formed, before forming the bias layers 62, 62. 
[Action of Sensing-Current Magnetic Field] 

A description is now made of the action of a sensing-current 
magnetic field in the structures of the second and third 
embodiments shown in Figs. 7 to 10. 

In the spin-valve type magnetoresistive sensor shown in 
Figs . 7 and 8 , the second pinned magnetic layer 14 is formed under 
the non-magnetic electrically conductive layer 15. In this 
structure, a direction of the sensing-current magnetic field is 
set in coincidence with the magnetization direction of one of 
the first pinned magnetic layer 12 and the second pinned magnetic 
layer 14 which has a greater magnetic moment. 

As shown in Fig. 7 , the magnetic moment of the second pinned 
magnetic layer 14 is greater than the magnetic moment of the first 
pinned magnetic layer 12 , and is oriented in a direction opposing 
to the Y-direction (to the left) in Fig. 7. Therefore, a 
resultant magnetic moment resulting from adding the magnetic 
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moment of the first pinned magnetic layer 12 and the magnetic 
moment of the second pinned magnetic layer 14 is oriented in the 
direction opposing to the Y-direction (to the left) in Fig. 7. 

As described above, the non-magnetic electrically 
conductive layer 15 is formed on the upper side of the second 
pinned magnetic layer 14 and the second pinned magnetic layer 
12. Accordingly, it is just required to control a flowing 
direction of a sensing electric current 112 such that the 
sensing-current magnetic field formed by the sensing electric 
current 112 flowing mainly in the non-magnetic electrically 
conductive layer 15 is oriented to the left in Fig. 7 on the lower 
side of the non-magnetic electrically conductive layer 15. By 
so making control, the direction of the sensing-current magnetic 
field is coincident with the direction of the resultant magnetic 
moment of the first pinned magnetic layer 12 and the second pinned 
magnetic layer 14. 

As shown in Fig. 7, the sensing electric current 112 is 
applied to flow in the Xl-direction . Based on the right-handed 
screw rule, the sensing-current magnetic field developed with 
flowing of the sensing electric current 112 is formed in the 
right-handed (clockwise) direction relative to the drawing sheet 
of Fig. 7. Accordingly, the sensing-current magnetic field is 
applied to the layer under the non-magnetic electrically 
conductive layer 15 in a direction indicated by arrow (i.e., 
direction opposing to the Y-direction) shown in Fig. 7. With 
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application of the sensing electric current, therefore, the 
sensing-current magnetic field acts in a direction to enhance 
the resultant magnetic moment and to amplify the exchange- 
coupled magnetic field (RKKY interaction) acting between the 
first pinned magnetic layer 12 and the second pinned magnetic 
layer 14. The magnetization of the first pinned magnetic layer 
12 and the magnetization of the second pinned magnetic layer 14 
can be thereby held in the antiparallel state with higher 
stability from the thermal point of view. 

In particular, it is known that, when a sensing electric 
current of 1 mA is applied, a sensing-current magnetic field of 
approximately 30 (Oe) is generated and the sensor temperature 
is raised about 10°C. Further, the rotational speed of a 
recording medium is increased to a level of about 10000 rpm and, 
with such an increase in rotational speed, the temperature in 
a device is raised up to about 100°C at maximum. Accordingly, 
when a sensing electric current of 1 mA, for example, is applied, 
the temperature of the spin-valve type magnetoresistive sensor 
is raised up to about 200°C and the sensing-current magnetic field 
is increased up to 300 (Oe) . 

In such a case where the sensor is operated at a very high 
environment temperature and a large sensing electric current 
flows in the sensor, the antiparallel state of the magnetization 
of the first pinned magnetic layer 12 and the magnetization of 
the second pinned magnetic layer 14 is apt to easily break if 
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the sensing-current magnetic field is generated in a direction 
opposing to the direction of the resultant magnetic moment 
resulting from adding the magnetic moment of the first pinned 
magnetic layer 12 and the magnetic moment of the second pinned 
magnetic layer 14. 

Further, to make the sensor endurable even at a very high 
environment temperature, it is also required to use, as the 
antif erromagnetic layer 11, an antif erromagnetic material 
having a higher blocking temperature, in addition to proper 
setting of the direction of the sensing-current magnetic field. 
For this reason, the above-mentioned alloy having a higher 
blocking temperature is used in the present invention. 

Alternatively, where the resultant magnetic moment formed 
by the magnetic moment of the first pinned magnetic layer 12 and 
the magnetic moment of the second pinned magnetic layer 14 shown 
in Fig. 7 is oriented to the right (in the Y-direction) , the 
sensing electric current is applied to flow in a direction 
opposing to the Xl-direction so that the sensing-current 
magnetic field is formed in the left-handed (counterclockwise) 
direction relative to the drawing sheet of Fig. 7. 

Figs. 9 and 10 show an embodiment of the spin-valve type 
magnetoresistive sensor in which the free magnetic layer is 
divided into two layers, i.e. , the first free magnetic layer and 
the second free magnetic layer, with the non-magnetic 
intermediate layer interposed between the two layers. In the 
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case where the first pinned magnetic layer 52 and the second 
pinned magnetic layer 54 are formed on the lower side of the 
non-magnetic electrically conductive layer 55 like the spin- 
valve type magnetoresistive sensor shown in Fig. 9, it is also 
just required to control the direction of the sensing electric 
current as with the spin-valve type magnetoresistive sensor 
shown in Fig. 7. 

In each of the second and third embodiments, as described 
above, by setting the direction of the sensing-current magnetic 
field, which is developed with flowing of the sensing electric 
current, to be coincident with the direction of the resultant 
magnetic moment resulting from adding the magnetic moment of the 
first pinned magnetic layer and the magnetic moment of the second 
pinned magnetic layer, the exchange-coupled magnetic field (RKKY 
interaction) acting between the first pinned magnetic layer and 
the second pinned magnetic layer is amplified so that the 
magnetization of the first pinned magnetic layer and the 
magnetization of the second pinned magnetic layer can be held 
in the antiparallel state ( f errimagnetic state) with higher 
stability from the thermal point of view. 

Particularly, in the second and third embodiments, an 
antif erromagnetic material having a higher blocking temperature 
is used for the antif erromagnetic layer 2 to improve thermal 
stability. Even with the environment temperature raised to a 
level much higher than in a conventional sensor, therefore, it 
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is possible to hold the magnetization of the first pinned 
magnetic layer 12 and the magnetization of the second pinned 
magnetic layer 14 in the antiparallel state ( f errimagnetic 
state) with higher certainty. 

Also, if an amount of the sensing electric current is 
increased to increase a reproduced output to be adapted for a 
higher recording density , the sensing-current magnetic field is 
increased correspondingly. In the second and third embodiments 
of the present invention, however, since the sensing-current 
magnetic field acts to amplify the exchange-coupled magnetic 
field developed between the first pinned magnetic layer and the 
second pinned magnetic layer, the magnetized states of the first 
pinned magnetic layer and the second pinned magnetic layer can 
be held with higher stability due to an increase in the 
sensing-current magnetic field. 

Incidentally, the above-described control for the 
direction of the sensing electric current is applicable to any 
case regardless of which antif erromagnetic material is used for 
the antif erromagnetic layer. For example, it is not essential 
whether heat treatment is reguired to generate the exchange- 
coupled magnetic field (exchange anisotropic magnetic field) at 
the interface between the antif erromagnetic layer and the pinned 
magnetic layer (first pinned magnetic layer) . 

Furthermore, even in a single-spin-valve type 
magnetoresistive sensor wherein the pinned magnetic layer is 
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formed as a single layer, like the first embodiment shown in Fig. 
1, the magnetization of the pinned magnetic layer can be 
thermally stabilized by setting the direction of the 
sensing-current magnetic field, which is developed with flowing 
of the sensing electric current, to be coincident with the 
magnetization direction of the pinned magnetic layer. 
[Fourth Embodiment] 

Fig. 11 is a sectional view showing the structure of a 
spin-valve type magnetoresistive sensor according to a fourth 
embodiment of the present invention, as viewed from the side 
facing a recording medium. 

Similarly to the spin-valve type magnetoresistive sensor 
shown in Fig. 1, the spin-valve type magnetoresistive sensor of 
this embodiment is also provided, for example, on a trailing end 
face of a floating slider mounted in a hard disk device, and is 
used to detect a magnetic field recorded on a hard disk or the 
like. 

In Fig. 11, a Z-direction represents the moving direction 
of a magnetic recording medium such as a hard disk, and a Y- 
direction represents the direction of a leakage magnetic field 
from the magnetic recording medium. 

Also in the spin-valve type magnetoresistive sensor of this 
embodiment, a magnetization direction of a free magnetic layer 
is uniformly arranged so as to cross a magnetization direction 
of a pinned magnetic layer based on exchange biasing by using 
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a bias layer made of an antiferromagnetic material. 

The spin-valve type magnetoresistive sensor of this 
embodiment is featured in that, in addition to the pinned 
magnetic layer, the free magnetic layer is also divided into two 
layers, i.e., a first free magnetic layer and a second free 
magnetic layer, with a non-magnetic intermediate layer 
interposed between the two layers. 

In Fig. 11, character K denotes a substrate. On the 
substrate K, as with the third embodiment shown in Fig. 10, an 
insulating underlying layer 200 made of Al 2 0 3 , for example, a 
lower shielding layer 163, a lower gap layer 164, and an 
antiferromagnetic layer 51 are formed in succession. Further, 
on the antiferromagnetic layer 51, a first pinned magnetic layer 
52, a non-magnetic intermediate layer 53, a second pinned 
magnetic layer 54, a non-magnetic electrically conductive layer 
55, a second free magnetic layer 56, a non-magnetic intermediate 
layer 59 and a first free magnetic layer 60 are successively 
formed in this order one above another. 

A pair of recesses 60a, 60a are formed in the first free 
magnetic layer 60 on both sides of its central area corresponding 
to a track width Tw . A pair of soft magnetic layers 61, 61 are 
formed to respectively fill the recesses 60a, 60a while a spacing 
corresponding to the track width Tw is left between the soft 
magnetic layers 61, 61. A pair of bias layers 62 , 62 are formed 
respectively on the soft magnetic layers 61, 61, and a pair of 
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electrically conductive layers 63 , 63 are formed respectively 
on the bias layers 62, 62. 

In the spin-valve type magnetoresistive sensor according 
to the fourth embodiment of the present invention, as with the 
spin-valve type magnetoresistive sensors described above, the 
antif erromagnetic layer 51 is made of an alloy containing at 
least one or more elements selected from among Pt, Pd, Rh, Ru , 
Ir, Os , Au , Ag, Cr, Ni , Ne , Ar , Xe and Kr, as well as Mn . The 
antif erromagnetic layer 51 acts to magnetize the first pinned 
magnetic layer 52 and the second pinned magnetic layer 54 in 
respective certain directions when subjected to heat treatment 
under a magnetic field. 

The first pinned magnetic layer 52 and the second pinned 
magnetic layer 54 are each formed of, for example, a Co film, 
a NiFe alloy, a CoFe alloy, a CoNiFe alloy, or a CoNi alloy. The 
non-magnetic intermediate layer 53 is preferably made of one 
selected from among Ru , Rh , Ir, Cr, Re and Cu , or an alloy of 
two or more selected from among them. 

The first pinned magnetic layer 52 is formed in contact 
with the antif erromagnetic layer 51. When subjected to 
annealing (heat treatment) under a magnetic field, an 
exchange-coupled magnetic field (exchange anisotropic magnetic 
field) is generated at the interface between the first pinned 
magnetic layer 52 and the antif erromagnetic layer 51 to make the 
magnetization of the first pinned magnetic layer 22 stationary 
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in the Y-direction, for example, as shown in Fig. 11. Upon the 
magnetization of the first pinned magnetic layer 52 being made 
stationary in the Y-direction, the magnetization of the second 
pinned magnetic layer 54 opposing to the first pinned magnetic 
layer 52 with the non-magnetic intermediate layer 53 interposed 
therebetween is made stationary in the antiparallel state 
(f errimagnetic state) relative to the magnetization of the first 
pinned magnetic layer 52 . 

To hold stability of the f errimagnetic state, a greater 
exchange anisotropic magnetic field is required. In the 
spin-valve type magnetoresistive sensor of this embodiment, by 
employing, as the antif erromagnetic layer 51, the above- 
described alloy which has a higher blocking temperature and 
generates a greater exchange-coupled magnetic field (exchange 
anisotropic magnetic field) at the interface between the first 
pinned magnetic layer 52 and the antif erromagnetic layer 51, the 
magnetized states of the first pinned magnetic layer 52 and the 
second pinned magnetic layer 54 can be held stable from the 
thermal point of view as well. 

The non-magnetic electrically conductive layer 55 is 
preferably made of Cu , for example. 

The second free magnetic layer 56 is formed of two layers 
as shown in Fig. 11 . A Co film 57 is formed on the side in contact 
with the non-magnetic electrically conductive layer 55 . The 
reason of forming the Co film 57 on the side in contact with the 
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non-magnetic electrically conductive layer 55 is that the 
presence of the Co film serves first to increase the value of 
AMR and secondly to prevent metal elements, etc. from diffusing 
at the interface between the second free magnetic layer 5 6 and 
the non-magnetic electrically conductive layer 55. 

A NiFe alloy film 58 is formed on the Co film 57 , and a 
non-magnetic intermediate layer 59 is formed on the NiFe alloy 
film 58. Then, the first free magnetic layer 60 is formed on 
the non-magnetic intermediate layer 59 . 

The first free magnetic layer 60 is formed of, for example, 
a Co film, a NiFe alloy, a CoFe alloy, a CoNiFe alloy, or a CoNi 
alloy . 

The non-magnetic intermediate layer 59 interposed between 
the second free magnetic layer 56 and the first free magnetic 
layer 60 is preferably made of one selected from among Ru, Rh, 
Ir, Cr, Re and Cu , or an alloy of two or more selected from among 
them . 

The magnetization of the second free magnetic layer 56 and 
the magnetization of the first free magnetic layer 60 are 
produced in the antiparallel state (f errimagnetic state) to each 
other, as shown in Fig. 11, due to an exchange-coupled magnetic 
field (RKKY interaction) generated between the second free 
magnetic layer 56 and the first free magnetic layer 60. 

In the spin-valve type magnetoresistive sensor shown in 
Fig. 11, the first free magnetic layer 56 and the second free 
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magnetic layer 60 are formed, by way of exmple, such that a film 
thickness tF 2 of the second free magnetic layer 56 is greater 
than a film thickness tF x of the first free magnetic layer 60. 

Then, Ms-tF 2 of the second free magnetic layer 56 is set 
to be smaller than Ms-tF x of the first free magnetic layer 60. 
When a bias magnetic field is applied from the bias layer 62 in 
a direction opposing to the Xl-direction shown in Fig. 11, the 
magnetization of the first free magnetic layer 60 having a 
greater value of Ms-tF-L is uniformly arranged in the direction 
opposing to the Xl-direction under the effect of the bias 
magnetic field. Also, the magnetization of the second free 
magnetic layer 56 having a smaller value of Ms-tF 2 is uniformly 
arranged in the Xl-direction due to the exchange-coupled 
magnetic field (RKKY interaction) generated between the second 
free magnetic layer 56 and the first free magnetic layer 60. 

Upon an external magnetic field being applied in the 
Y-direction shown in Fig. 11, the magnetization of the second 
free magnetic layer 56 and the magnetization of the first free 
magnetic layer 60 are rotated under the effect of the external 
magnetic field while the f errimagnetic state is kept. Then, 
electrical resistance is changed depending on the relationship 
between the varying magnetization of the second free magnetic 
layer 56 which contributes to the value of AMR and the stationary 
magnetization of the second pinned magnetic layer 54 (magnetized, 
for example, in a direction opposing to the Y-direction) , and 
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the external magnetic field can be detected as a change in 
electrical resistance. 

The soft magnetic layers 61, 61 are preferably formed of, 
for example, a NiFe alloy. 

The bias layers 62, 62 are made of, similarly to the 
antif erromagnetic layer 51, an alloy containing at least one or 
more elements selected from among Pt, Pd, Rh, Ru, Ir, Os , Au , 
Ag, Cr, Ni , Ne , Ar , Xe and Kr , as well as Mn . 

Further, the electrically conductive layers 63, 63 are 
preferably made of, for example, Au , W, Cr or Ta . 

The spin-valve type magnetoresistive sensor of this fourth 
embodiment can also be manufactured basically in the same manner 
as the spin-valve type magnetoresistive sensor shown in Fig. 10. 

More specifically, according to the method of 
manufacturing the spin-valve type magnetoresistive sensor of 
this fourth embodiment, the antif erromagnetic layer 51, the 
first pinned magnetic layer 52 , the non-magnetic intermediate 
layer 53, the second pinned magnetic layer 54, the non-magnetic 
electrically conductive layer 55, the second free magnetic layer 
56, the non-magnetic intermediate layer 59 and the first free 
magnetic layer 60 are successively formed on the substrate K one 
above another, thereby forming a first laminate. Then, the first 
laminate is subjected to heat treatment at a first heat treatment 
temperature while applying a first magnetic field in a direction 
perpendicular to the direction of the track width Tw. An 
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exchange anisotropic magnetic field is thereby generated in the 
antif erromagnetic layer 51 to make the magnetization direction 
of the first pinned magnetic layer 52 stationary. 

Next, as shown in Fig. 12, the recesses 60a, 60a are formed 
in the uppermost layer of the first laminate by steps of forming 
a lift-off resist 350, which havs a width corresponding to the 
track width, on the first laminate, and removing a part, e.g., 
a few tenths, of the first free magnetic layer 60 by ion milling, 
etc. Then, the soft magnetic layers 61, 61 are formed to 
respectively fill the recesses 60a, 60a while a spacing 
corresponding to the track width Tw is left between the soft 
magnetic layers 61, 61. Subsequently, the bias layers 62, 62 
are formed respectively on the soft magnetic layers 61, 61, and 
the electrically conductive layers 63, 63 are formed 
respectively on the bias layers 62, 62. A second laminate having 
the same configuration as the spin-valve type magnetoresistive 
sensors of the foregoing embodiment is thereby obtained. 

The second laminate thus obtained is subjected to heat 
treatment at a second heat treatment temperature while applying 
a second magnetic field in the direction of the track width Tw 
smaller than the exchange anisotropic magnetic field of the 
antif erromagnetic layer 51, whereby a bias magnetic field is 
applied to the first free magnetic layer 60 in a direction 
crossing the magnetization directions of the first pinned 
magnetic layer 52 and the second pinned magnetic layer 54. As 
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a result, the spin-valve type magnetoresistive sensor shown in 
Fig. 11 is obtained. 

In the spin-valve type magnetoresistive sensor thus 
constructed, the antif erromagnetic layer 51 and the bias layer 
62 are each likewise made of an alloy containing at least one 
or more elements selected from among Pt, Pd, Rh, Ru, Ir, Os , Au, 
Ag, Cr, Ni , Ne, Ar , Xe and Kr , as well as Mn . Therefore, the 
exchange anisotropic magnetic field has a good temperature 
characteristic, and the spin-valve type magnetoresistive sensor 
has superior heat resistance. 

Also, the spin-valve type magnetoresistive sensor has good 
durability even when it is provided in a device such as a 
magnetoresistive head where the sensor temperature reaches a 
high level due to an increased environment temperature in the 
hard disk device and Joule heat produced by a sensing electric 
current flowing in the sensor, and exhibits a less variation in 
the exchange anisotropic magnetic field (exchange-coupled 
magnetic field) with a temperature change. 

Further, by forming the antif erromagnetic layer 51 of the 
above-mentioned alloy, the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
generated in the antif erromagnetic layer 51. As a result, the 
magnetization directions of the first pinned magnetic layer 52 
and the second pinned magnetic layer 54 can be firmly held 
stationary . 
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With the method of manufacturing the spin-valve type 
magnetoresistive sensor of this embodiment, an alloy containing 
at least one or more elements selected from among Pt, Pd, Rh, 
Ru, Ir, Os , Au, Ag, Cr , Ni , Ne , Ar , Xe and Kr, as well as Mn is 
used for the antif erromagnetic layer 51 and the bias layer 62. 
By utilizing properties of such an alloy, the magnetization 
direction of the first pinned magnetic layer 52 is made 
stationary by the first heat treatment, and the magnetization 
direction of the first free magnetic layer 60 is uniformly 
arranged in a direction crossing the magnetization directions 
of the first pinned magnetic layer 52 and the second pinned 
magnetic layer 54 by the second heat treatment. It is therefore 
possible to uniformly arrange the magnetization directions of 
the second free magnetic layer 56 and the first free magnetic 
layer 60 in directions crossing the magnetization directions of 
the first pinned magnetic layer 52 and the second pinned magnetic 
layer 54 without adversely affecting the magnetization direction 
of the first pinned magnetic layer 52 , and to provide a spin-valve 
type magnetoresistive sensor having superior heat resistance. 
[Example] 

The spin-valve type magnetoresistive sensor having the 
structure shown in Figs . 1 and 2 was formed on an AlTiC (Al 2 0 3 -TiC) 
substrate on which a lower shielding layer (Co-Nb-Zr based 
amorphous alloy) and a lower gap layer (A1 2 0 3 ) were successively 
formed. On the substrate, an antif erromagnetic layer made of 
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a Pt 50 Mn 50 alloy and having a thickness of 150 A, a first pinned 
magnetic layer made of Co and having a thickness of 15 A, a 
non-magnetic intermediate layer made of Ru and having a thickness 
of 8 A, a second pinned magnetic layer made of Co and having a 
thickness of 25 A, and a non-magnetic electrically conductive 
layer made of Cu and having a thickness of 25 A were formed in 
this order one above another. Further, a second free magnetic 
layer (saturation magnetization Ms x film thickness t = 7.16 x 
1CT 4 T-nm) made of a Ni 80 Fe 20 alloy and having a thickness of 40 
A, a non-magnetic intermediate layer made of Ru and having a 
thickness of 8 A, a first free magnetic layer (saturation 
magnetization Ms X film thickness t = 4.52 x 10" 4 T-nm) made of 
a Ni 80 Fe 20 alloy and having a thickness of 25 A were formed in 
this order one above another, thereby forming a laminate. The 
first and second free magnetic layers each had a width of 0.6 
Jim in the direction of the track width, and a size of 0.4 [im in 
the direction of height of the sensor perpendicular to the 
direction of the track width. On each of surface areas of the 
laminate at both sides of a central vacant space corresponding 
to the track width, a soft magnetic layer made of a Ni 80 Fe 20 alloy 
and having a thickness of 20 A were formed in contact with the 
first free magnetic layer, followed by forming an 
antif erromagnetic layer made of a Pt 54 Mn 46 alloy and having a 
thickness of 3 00 A and an electrically conductive layer made of 
Cr and having a thickness of 1000 A thereon in this order. 
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An antiparallel-coupled magnetic field generated between 
the first free magnetic layer and the second free magnetic layer 
in the multilayer structure described above was 58.4 kA/m. 

Next, as Comparative Example, a laminate made up of an 
antif erromagnetic layer, a first pinned magnetic layer, a 
non-magnetic intermediate layer, a second pinned magnetic layer, 
a non-magnetic electrically conductive layer, a second free 
magnetic layer, a non-magnetic intermediate layer and a first 
free magnetic layer was formed in the same structure as the 
laminate in the above Example. On each of both right and left 
sides of the laminate, a hard bias layer (saturation 
magnetization Ms X film thickness t = 1.88 X 10" 3 T-nm) made of 
a Co 85 Pt 15 alloy was formed with a non-magnetic layer, made of 
Cr and having a thickness of 20 A, interposed therebetween. 

As a result of magnetic simulation made on both the sensors 
having the above-mentioned structures, Fig. 25 illustrates 
magnetization direction of the first free magnetic layer and 
magnetization direction of the second free magnetic layer, which 
should be oriented in a direction along the film surface, in the 
structure of Example, whereas Fig. 20 illustrates magnetization 
direction of the first free magnetic layer and magnetization 
direction of the second free magnetic layer, which should be 
oriented in a direction along the film surface, in the structure 
of Comparative Example. 

In the multilayer structure of Example according to the 
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present invention, as indicated by arrows in Fig. 25, a 
longitudinal magnetic field can be just imparted to the first 
free magnetic layer and there occurs no disorder of the 
magnetization direction in both peripheral areas of the first 
free magnetic layer and the second free magnetic layer. It is 
thus apparent that, by employing the structure of the present 
invention, a magnetic conflict (frustration) is eliminated 
unlike the conventional structure of Comparative Example (Fig. 
20) , and the first free magnetic layer and the second free 
magnetic layer are both magnetized in even distribution. 

On the other hand, in the conventional structure of 
Comparative Example wherein the magnetization direction is 
indicated by arrows in Fig. 20, it is apparent that the 
magnetization direction is disordered at both ends of the first 
and second free magnetic layers because a strong reversed 
magnetic field is applied from the hard bias films at right and 
left ends of the first free magnetic layer and conflicts with 
the exchange anisotropic magnetic field to be developed by the 
second free magnetic layer. This disorders the magnetization 
direction of the second free magnetic layer as well and causes 
such a problem as Barkhausen noise, thus resulting in a risk that 
magnetic stability may become poor. 

A profile of asymmetry (of a reproduced waveform) of a 
magnetic head, incorporating each of the sensors of Example and 
Comparative Example, in the direction of the track width was 
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measured by scanning the magnetic head over a microtrack pattern 
recorded on a recording medium and having a width of 0.1 X 10" 6 
m (p,m) . Measured results are shown in Fig. 26 (asymmetry of the 
magnetic head incorporating the sensor of Comparative Example) 
and Fig. 27 (asymmetry of the magnetic head incorporating the 
sensor of Example) . 

In Fig. 26 representing the measured results of Comparative 
Example, abnormally large asymmetry appears in the vicinity of 
both track ends. This is related to the fact that the 
magnetization of the second free magnetic layer is disordered 
in the vicinity of both track ends as shown in Fig. 20, and is 
greatly deviated from nearly orthogonal relation to the 
magnetization of the second pinned magnetic layer . By contrast , 
in Fig. 27 representing the measured results of Example of the 
present invention, it is apparent that asymmetry shows no such 
large changes as in Fig. 20 at both the track ends, and a stable 
waveform is obtained. 

According to the spin-valve type magnetoresistive sensor 
of the present invention, as fully described above, the 
antif erromagnetic layer and the bias layer are each made of an 
alloy containing at least one or more elements selected from 
among Pt, Pd, Rh, Ru , Ir, Os , Au , Ag, Cr, Ni, Ne , Ar, Xe and Kr , 
as well as Mn . Therefore, the exchange anisotropic magnetic 
field has a good temperature characteristic, and the spin-valve 
type magnetoresistive sensor has superior heat resistance. 
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Also, the spin-valve type magnetoresistive sensor has good 
durability even when it is provided in a device such as a 
magnetoresistive head in which the temperature reaches a high 
level, and exhibits a less variation in the exchange anisotropic 
magnetic field (exchange-coupled magnetic field) with a 
temperature change . 

Further, by forming the antif erromagnetic layer of the 
above-mentioned alloy, the blocking temperature can be raised 
and a greater exchange anisotropic magnetic field can be 
generated in the antif erromagnetic layer. As a result, the 
magnetization direction of the pinned magnetic layer can be 
firmly held stationary. 

In the spin-valve type magnetoresistive sensor of the 
present invention, at lease one of the pinned magnetic layer and 
the free magnetic layer may be divided into two layers with a 
non-magnetic intermediate layer interposed between the two 
layers. The divided two layers are held in the f errimagnetic 
state where these layers are magnetized in directions 180° 
different from each other. 

In the spin-valve type magnetoresistive sensor wherein at 
least the pinned magnetic layer is divided into two layers with 
a non-magnetic intermediate layer interposed between the two 
layers, one of the divided two pinned magnetic layers serves to 
make the magnetization of the other layer stationary in a proper 
direction, and therefore the magnetized state of the pinned 
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magnetic layer can be held in a very stable condition. 

On the other hand, in the spin-valve type magnetoresistive 
sensor wherein at least the free magnetic layer is divided into 
two layers with a non-magnetic intermediate layer interposed 
between the two layers, an exchange-coupled magnetic field is 
generated between the divided two free magnetic layers so that 
these layers are brought into the f errimagnetic state and 
magnetization of each layer can rotate with good sensitivity in 
response to an external magnetic field. 

Moreover, with the method of manufacturing the spin-valve 
type magnetoresistive sensor according to the present invention, 
an alloy containing at least one or more elements selected from 
among Pt, Pd, Rh , Ru, Ir, Os , Au , Ag, Cr, Ni , Ne , Ar , Xe and Kr , 
as well as Mn is used for the antif erromagnetic layer and the 
bias layer. By utilizing properties of such an alloy, the 
magnetization direction of the pinned magnetic layer is made 
stationary by the first heat treatment, and the magnetization 
direction of the free magnetic layer is uniformly arranged in 
a direction crossing the magnetization direction of the pinned 
magnetic layer by the second heat treatment. It is therefore 
possible to uniformly arrange the magnetization direction of the 
free magnetic layer in a direction crossing the magnetization 
direction of the pinned magnetic layer without adversely 
affecting the magnetization direction of the pinned magnetic 
layer, and to provide a spin-valve type magnetoresistive sensor 
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having superior heat resistance. 

Also, with the method of manufacturing the spin-valve type 
magnetoresistive sensor, the soft magnetic layers are formed on 
the first laminate, and the bias layers are formed on the soft 
magnetic layers. After forming the soft magnetic layers, 
therefore, the bias layers can be formed without breaking a 
vacuum. This means no necessity of cleaning a surface, on which 
the bias layers are to be formed, by ion milling or reverse 
sputtering. As a result, the manufacturing method is superior 
in being free from a drawback attributable to the cleaning, such 
as an adverse effect upon generation of the exchange anisotropic 
magnetic field caused by contamination with foreign matters 
deposited again on the surface or disorder of the crystal state 
at the surface . 

Further, the manufacturing process is facilitated because 
of no necessity of cleaning the surface, on which the bias layers 
are to be formed, before forming the bias layers . Alternatively, 
a more stable longitudinal bias and a higher output can be 
obtained by cutting the surface of the free magnetic layer by 
ion milling, etc. to such a depth that the above-mentioned 
adverse effect is completely eliminated, and then forming the 
soft magnetic layers and the bias layers successively. 

In addition, according to the magnetoresistive head of the 
present invention, since the spin-valve type magnetoresistive 
sensor described above is provided on a slider, a highly reliable 
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magnetoresistive head can be obtained which is superior in 
durability and heat resistance, and which can generate an 
exchange anisotropic magnetic field at a sufficient level. 
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WHAT IS CLAIMED IS: 

1. A spin-valve type magnetoresistive sensor comprising, on 
a substrate, an antif erromagnetic layer; a pinned magnetic layer 
formed in contact with said antif erromagnetic layer and having 
a magnetization direction made stationary under an exchange 
anisotropic magnetic field generated by interaction with said 
antif erromagnetic layer ; a non-magnetic electrically conductive 
layer formed between a free magnetic layer and said pinned 
magnetic layer; soft magnetic layers arranged on said free 
magnetic layer while a spacing corresponding to a track width 
is left between said soft magnetic layers; bias layers formed 
on said soft magnetic layers and acting to uniformly arrange a 
magnetization direction of said free magnetic layer in a 
direction crossing the magnetization direction of said pinned 
magnetic layer; and electrically conductive layers for applying 
a detection electric current to said free magnetic layer, 

said antif erromagnetic layer and said bias layer being each 
made of an alloy containing at least one or more elements selected 
from among Pt , Pd, Rh, Ru , Ir, Os , Au , Ag, Cr, Ni, Ne , Ar, Xe 
and Kr, as well as Mn . 

2. A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein at lease one of said pinned magnetic layer and 
said free magnetic layer is divided into two layers with a 
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non-magnetic intermediate layer interposed between the two 
layers, and the divided two layers are held in a f errimagnetic 
state where these layers are magnetized in directions 
180°dif f erent from each other. 

3. A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said antif erromagnetic layer is made of an alloy 
having the following composition formula ; 

Xn,Mn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Rh , Ru , Ir and Os, and a composition ratio m satisfies 
4 8 atom % < m < 6 0 atom %. 

4. A spin-valve type magnetoresistive sensor according to 
Claim 1, wherein said bias layer is made of an alloy having the 
following composition formula; 

X m Mn 100 _ m 

where X is at least one or more elements selected from among 
Pt, Pd, Rh, Ru, Ir and Os , and a composition ratio m satisfies 
48 atom % < m < 60 atom %. 

5. A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said antif erromagnetic layer is made of an alloy 
having the following composition formula; 

Pt m Mn 100 _ m _ n D n 
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where D is at least one or more elements selected from among 
Pd, Rh, Ru, Ir and Os , and composition ratios m, n satisfy 48 
atom %<m+n<60 atom % and 0.2 atom % < n < 40 atom %. 

6. A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said bias layer is made of an alloy having the 
following composition formula; 
Pt m Mn 100 _ m _ n D n 

where D is at least one or more elements selected from among 
Pd, Rh, Ru, Ir and Os , and composition ratios m, n satisfy 52 
atom % < m + n < 60 atom % and 0.2 atom % < n < 40 atom %. 

7 . A spin-valve type magnetoresistive sensor according to 
Claim 1 , wherein said soft magnetic layer is made of a NiFe alloy . 

8 . A spin-valve type magnetoresistive sensor according to 
Claim 1, wherein recesses are formed in said free magnetic layer 
on both sides of an area corresponding to a track width, said 
soft magnetic layers are formed to fill said recesses and are 
directly joined to said free magnetic layer through bottom 
surfaces of said recesses, and said bias layers and said 
electrically conductive layers are successively formed on said 
soft magnetic layers . 



9 . A spin-valve type magnetoresistive sensor according to 
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Claim 1, wherein said free magnetic layer is divided into two 
layers with a non-magnetic intermediate layer interposed between 
the two layers, and wherein, assuming that one free magnetic 
layer farther away from said pinned magnetic layer is a first 
free magnetic layer and the other free magnetic layer closer to 
said pinned magnetic layer is a second free magnetic layer, a 
magnetic film thickness of said first free magnetic layer is 
smaller than a magnetic film thickness of said second free 
magnetic layer. 

10. A method of manufacturing a spin-valve type 
magnetoresistive sensor comprising the steps of: 

forming an antif erromagnetic layer, a pinned magnetic 
layer, a non-magnetic electrically conductive layer, and a free 
magnetic layer successively on a substrate, thereby forming a 
first laminate; 

heat-treating said first laminate at a first heat treatment 
temperature while applying a first magnetic field in a direction 
perpendicular to a direction of a track width, thereby generating 
an exchange anisotropic magnetic field in said antif erromagnetic 
layer to make magnetization of said pinned magnetic layer 
stationary ; 

forming soft magnetic layers on said first laminate while 
a spacing corresponding to the track width is left between said 
soft magnetic layers, forming bias layers on said soft magnetic 
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layers, and forming electrically conductive layers on said bias 
layers for applying a detection electric current to said free 
magnetic layer, thereby forming a second laminate; and 

heat-treating said second laminate at a second heat 
treatment temperature while applying a second magnetic field 
smaller than the exchange anisotropic magnetic field of said 
antif erromagnetic layer in a direction of the track width, 
thereby imparting a bias magnetic field to said free magnetic 
layer in a direction crossing a magnetization direction of said 
pinned magnetic layer. 

11. A method of manufacturing a spin-valve type 
magnetoresistive sensor according to Claim 10, wherein said 
antif erromagnetic layer and said bias layers are each made of 
an alloy containing at least one or more elements selected from 
among Pt, Pd, Rh , Ru , Ir, Os , Au , Ag, Cr, Ni , Ne , Ar , Xe and Kr, 
as well as Mn. 

12. A method of manufacturing a spin-valve type 
magnetoresistive sensor according to Claim 10, wherein said 
first heat treatment temperature is in a range of 220°C - 270°C. 

13 . A method of manufacturing a spin-valve type 
magnetoresistive sensor according to Claim 10, wherein said 
second heat treatment temperature is in a range of 250°C - 270°C. 
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14. A method of manufacturing a spin-valve type 
magnetoresistive sensor according to Claim 10, wherein said 
second magnetic field is in a range of 10 - 600 Oe (800 - 48000 
A/m) . 
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ABSTRACT OF THE DISCLOSURE 

The invention is intended to provide a spin-valve type 
magnetoresistive sensor which is superior in heat resistance and 
corrosion resistance, and which has a bias structure enabling 
magnetization direction of a free magnetic layer to be uniformly 
arranged with certainty. The spin-valve type magnetoresistive 
sensor comprises, on a substrate, an antif erromagnetic layer; 
a pinned magnetic layer having a magnetization direction made 
stationary; a non-magnetic electrically conductive layer formed 
between the pinned magnetic layer and a free magnetic layer; soft 
magnetic layers arranged on the free magnetic layer while a 
spacing corresponding to a track width is left between the soft 
magnetic layers; bias layers formed on the soft magnetic layers 
and acting to uniformly arrange a magnetization direction of the 
free magnetic layer in a direction crossing the magnetization 
direction of the pinned magnetic layer; and electrically 
conductive layers. The antif erromagnetic layer and the bias 
layers are each made of an alloy containing at least one or more 
elements selected from among Pt, Pd, Rh , Ru , Ir, Os , Au, Ag, Cr, 
Ni, Ne, Ar, Xe and Kr, as well as Mn. 
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(Day/Month/Year Filed) 
(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35 
Section 119(e) of any United States pro' 
below. 



a 



United States Code, 
ilapplication(s) fisted 



(Application No.) 



(Filing Date) 
(rr!«r3) 



I hereby claim the benefit under Tide 35, United States Code, 
Section 120 of any United States application (s), or 365(c) of any 
PCT International application designating the United Stales, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
Internationa! application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior appiication and the national or PCT International filing date of 
appiication. 

(Status: Patented, Pending, Abandoned) 
(Status- Patented, Pending, Abandoned) 

\wsl : *r-3T?Fsrf?f. mum) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Under the Paperwork Redoctron Act of 1995, no persons 



PTCWSB/10S(a-96) 
Approved for us* through 9/3CV98. OMB 065 1-003 2 
P»t»rt and Tr»d«m«ric Office; U.S. DEPARTMENT OF COMMERCE 
e required to respond to a coibciiofi of \ntormrtkm urA« it displays a valid OMB control number. . 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, t hereby appoint 
the following attomey{s) and/or agent(s) to prosecute this 
application and trans-act all business in the Patent and Trademark 
Office connected therewith (list fumi and registration number) 

See Attachment A 



Send Correspondence to: 

Brinks Hofer Gilson & Lione 
P.O. Box 10395 
Chicago, Illinois 60610 
(312) 321-4200 



Direct Telephone Calls to: {nai 



ind telephone number] 





Full name of sole or first inventor 

Naoya Hasegawa 




Inventor's signature Date 

#U*y#_ y*^z££=£^ Mav 9 . 2000 


&.n 


Residence"^ 

Niiaata-ken, Japan 


WW 


Citizenship 

Japan 


a* a 


Post Office Address c/o ALPS ELECTRIC CO., LTD- 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 






Full name of second joint invenlor, if any 




Second inventor's signature Oate 




Residence 


fjjjf Citizenship 




Post Office Address c/o ALPS ELECTBIC CO., LTD. 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 






(Supply similar information and signature tor thiid and subsequent 
joint inventors.) 



ATTACHMENT A 



GuyW. Shoup 26,805 

Allan J. Sternstein 27,396 

Gustavo Siller, Jr. 32,305 

John C. Freeman 34,483 

William F. Prendergast 34,699 

Vita G. Conforti 39,639 

Mark H.Remus 40,141 

Steven G. Steger 40,185 

Tadashi Horie 40,437 

Joseph F. Hetz 41 _070 

Jason C. White 42 223 



